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Preface to the sixth edition 


Previous editions of Vogel’s Qualitative Inorganic Analysis were used mainly as 
university textbooks, when qualitative analysis was taught at colleges and uni- 
versities as part of the first year’s curriculum of chemistry and other sciences. 
With the advent of more complex, mainly instrumental techniques, teaching of 
the reactions of ions and traditional qualitative analysis has moved from the 
classroom almost entirely into the laboratory. When preparing the sixth edition, 
this fact had to be taken into consideration. 

The new edition is aimed more to be a laboratory manual than a textbook, 
concentrating mainly on semi-micro laboratory techniques. Even the new title 
recognizes this fact. With this aim in mind, the text has been rearranged and 
shortened. The theoretical introduction (taught previously in the classroom) has 
been omitted, chapters on separations drastically shortened and repetitions 
avoided. Furthermore, dangerous experiments and those involving carcinogenic 
materials have been removed. All this, we hope, will extend the useful life of this 
classic text, which first appeared almost 50 years ago. 

As in the past, any suggestions whereby the quality of the book can be im- 
proved will be welcomed by the revisor. 

G. Svehla 

Department of Chemistry 
The Queen’s University 
Belfast, N. Ireland 


From preface to the first edition 


Experience of teaching qualitative analysis over a number of years to large 
numbers of students has provided the nucleus around which this book has been 
written. The ultimate object was to provide a text-book at moderate cost which 
can be employed by the student continuously throughout his study of the subject. 

It is the author’s opinion that the theoretical basis of qualitative analysis, often 
neglected or very sparsely dealt with in the smaller texts, merits equally detailed 
treatment with the purely practical side; only in this way can the true spirit of 
qualitative analysis be acquired. The book accordingly opens with a long 
Chapter entitled ‘The Theoretical Basis of Qualitative Analysis’, in which most 
of the theoretical principles which find application in the science are discussed. 

The writer would be glad to hear from teachers and others of any errors which 


may have escaped his notice: any suggestions whereby the book can be improved 
will be welcomed. 


A. I. Vogel 
Woolwich Polytechnic London S.E.18 


From preface to the fifth edition 


Vogel's Qualitative Inorganic Analysis has been in c 
and polytechnics since its first p 
been in use for more than twent 
priate to prepare a new one. 


ontinuous use in universities 
ublication in 1937. The fourth edition has now 
y years, and it was therefore considered appro- 


teaching of qualitative inorganic analysis, some rather drastic changes have had 
to be made. 


_ When launching this new edition I would like to repeat what the author said 
in the first edition: 


any suggestions whereby the book can be improved will be 
welcomed, 


G. Svehla 

Department of Chemistry 
Queen’s University 
Belfast, N. Ireland 
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CHAPTER 1 INTRODUCTION 


The purpose of chemical analysis is to establish the composition of naturally 
occurring or artificially manufactured substances. This is usually done in two 
distinct steps. First, qualitative analysis is used to identify the sample compo- 
nents. This is followed with quantitative analysis by which the relative amounts of 
these components are determined. 

The present book describes the traditional methods of qualitative inorganic 
analysis. These can be divided broadly into two categories: dry tests which are 
carried out on solid samples, usually at higher temperatures, and, more common- 
ly, wet reactions involving dissolved samples and reagent solutions. The chemical 
change (or its absence) is observed and used for the elucidation of sample 
composition. 

In order to be able to do such analyses it is essential to study these reactions ina 
systematic way. Chapter II describes the laboratory equipment and skills neces- 
sary for such tests. Chapter III contains the reactions of the most common ca- 
tions, while in Chapter IV those of the most common anions are introduced with 
some explanations. Once the reader is familiar with these, he/she can attempt 
analyses of unknown samples, as described in Chapter V. The book is concluded 
with the reactions of the less common ions (Chapter VI). 

It must be emphasized that the study of ‘classical’ qualitative inorganic an- 
alysis is invaluable for any intending chemist, as this is where he/she first comes 
across and handles materials which are discussed in the traditional courses of 
inorganic chemistry. After a few weeks spent in the qualitative analytical labor- 
atory the young chemists become familiar with solids, liquids, gases, acids, bases, 
salts — the bread and butter of every chemist’s knowledge and skills. 

The intelligent study of qualitative inorganic analysis requires a certain level of 
theoretical background in general and inorganic chemistry. These, being taught 
in the introductory courses of chemistry at colleges and universities, will not be 
described here. Such a background involves chemical symbols, formulae, equa- 
tions; theory of electrolytes, equilibria in electrolyte solutions; acid-base theory, 
strength of acids, pH, buffer systems, hydrolysis; morphology and structure of 
precipitates and colloids, precipitation equilibria; formation, structure and sta- 
bility of complexes; balancing redox equations, redox potentials; the principles of 
solvent extraction and the distribution law. These are described to the necessary 
extent in most introductory texts of chemistry and also in the first chapter of the 


5th Edition of this book.* 


*Vogel’s Textbook of Macro and Semimicro Qualitative Inorganic Analysis (Sth edn) revised by 


G. Svehla. Longman 1979. 
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II.1 INTRODUCTION 
basic laboratory operatio 
tillation, precipitation, fil 
of ignition tubes, borin 
Operations which are of 
be given here. 
Gualitatve analysis ma 
quantity of the substanc 
analysis is about 20 ml, I 
tities are reduced by a factor of 10-20, i.e. 


Although it is assumed that the reader is familiar with 
ns such as dissolution, evaporation, crystallization, dis- 
tration, decantation, bending of glass tubes, preparation 
g of corks, etc., a brief discussion of those laboratory 
special importance in qualitative inorganic analysis, will 


semimicro scale is most appropriate for the study of 
some of the special advantages being as follows: 
ble saving in the 


analysis, due to working with smaller quantities 


of time in carrying out the various standard opera- 
evaporation, saturation, with hydrogen sulphide, 
etc. 
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mastered and appreciated, no serious difficulty should be encountered in adapt- 
ing a macro procedure to the semimicro scale. Among micro scale operations, 
spot tests are of special importance; for this reason these will be described in a 
separate section. 

Quantitative analysis utilizes two kinds of tests, dry tests and wet reactions. The 
former are applicable to solid substances, while the latter apply to solutions. We 
begin with the discussion of the most important dry tests. 


II.2 DRY TESTS A number of useful tests can be carried out in the dry, that is 
before dissolving the sample for wet analysis. The information obtained ina 
comparatively short time often provides a clue to the presence or absence of 
certain substances. With this knowledge the course of wet analysis may be 
modified and shortened. Instructions for some important dry tests are given 


below. 


1. Heating The substance is placed in a small ignition tube (bulb tube), 
prepared from soft glass tubing, and heated in a Bunsen flame, gently at first 
and then more strongly. Small test-tubes, 60-70 mm x 7-8 mm, which are 
readily obtainable and are cheap, may also be employed. Sublimation may take 
place, or the material may melt or may decompose with an attendant change in 
colour, or a gas may be evolved which can be recognized by certain characteristic 


properties. 


2. Blowpipe tests A luminous Bunsen flame (air holes completely closed), 
about 5 cm long, is employed for these tests. A reducing flame is produced by 
placing the nozzle of a mouth blowpipe just outside the flame, and blowing 
gently so as to cause the inner cone to play on the substance under examination. 
An oxidizing flame is obtained by holding the nozzle of the blowpipe about one- 
third within the flame and blowing somewhat more vigorously in a direction 
parallel with the burner top; the extreme tip of the flame is allowed to play upon 
the substance. Figure II.1 illustrates the oxidizing and reduting flames. 

The tests are carried out upon a clean charcoal block in which a small cavity 
has been made with a penknife or with a small coin. A little of the substance is 
placed in the cavity and heated in the oxidizing flame. Crystalline salts break 
into smaller pieces; burning indicates the presence of an oxidizing agent 
(nitrate, nitrite, chlorate, etc.). More frequently the powdered substance is 
mixed with twice its bulk of anhydrous sodium carbonate or, preferably, with 
‘fusion mixture’ (an equimolecular mixture of sodium and potassium carbon- 


Oxidizing Reducing 


Fig. II.1 
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ates; this has a lower melting point than sodium carbonate alone) in the reducing 
flame. The initial reaction consists of the formation of the carbonates of the 
cations present and of the alkali salts of the anions. The alkali salts are largely 
adsorbed by the porous charcoal, and the carbonates are, for the most part, 
decomposed into the oxides and carbon dioxide. The oxides of the metals may 
further decompose, or be reduced to the metals, or they may remain unchanged. 
The final products of the reaction are therefore either the metals alone, metals 
and their oxides, or oxides. The oxides of the noble metals (silver and gold) are 
decomposed, without the aid of the charcoal, to the metal, which is often 
obtained as a globule, and oxygen. The oxides of lead, copper, bismuth, 
antimony, tin, iron, nickel, and cobalt are reduced either to a fused metallic 
globule (lead, bismuth, tin, and antimony) or to a sintered mass (copper) or to 
glistening metallic fragments (iron, nickel, and cobalt). The oxides of cadmium, 
arsenic, and zinc are readily reduced to the metal, but these are so volatile that 
they vaporize and are carried from the reducing to the oxidizing zone of the 
flame, where they are converted into sparingly volatile oxides. The oxides thus 
formed are deposited as an incrustation round the cavity of the charcoal block. 
Zinc yields an incrustation which is yellow while hot and white when cold; that 
of cadmium is brown and is moderately volatile; that of arsenic is white and is 
accompanied by a garlic odour due to the volatilization of the arsenic. A charac- 
teristic incrustation accompanies the globules of lead, bismuth, and antimony. 
The oxides of aluminium, calcium, strontium, barium, and magnesium are 
not reduced by charcoal; they are infusible and glow brightly when strongly 
heated. If the white residue or white incrustation left on a charcoal block is 
treated with a drop of cobalt nitrate solution and again heated, a bright-blue 
colour, which probably consists of either a compound or a solid solution of 
cobalt (II) and aluminium oxides (Thenard’s blue) indicates the presence of 
aluminium;* a pale-green colour, probably of similar composition (Rinmann’s 


green), is indicative of zinc oxide: and a pale pink mass is formed when mag- 
nesium oxide is present. 


3. Flame tests In order to understand the operations involved in the flame 
colour tests and the various bead tests to 


be described subsequently, it is neces- 
n o have some knowledge of the structure of the non-luminous Bunsen flame 
ig. II.2). 


The non-luminous Bunsen flame consists of three parts: (i) an inner blue cone 
ADB consisting largely of unburnt gas; (ii) a luminous tip at D (this is only 
visible when the air holes are slightly closed); and (iii) an outer mantle ACBD 
in which complete combustion of the gas occurs. The principal parts of the 


flame, according to Bunsen, are clearly indicated in Fig. II.2. The lowest tem- 
perature is at the base of the flame ( 


substances to determine whether the 
hottest part of the fi. 
height of the flame 


* A blue colour is also given by phosphates, arsenates. silicates. or borates. 
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Upper oxidizing zone (d) 


Upper reducing zone (e) 
Hottest portion of flame (b) 
Lower oxidizing zone (c) 
Lower reducing zone (f) 


Lower temperature zone (a) 


Fig. II.2 


border of b and may be used for the oxidation of substances dissolved in beads 
of borax, sodium carbonate, or microcosmic salt. The upper oxidizing zone (d) 
consists of the non-luminous tip of the flame; here a large excess of oxygen is 
present and the flame is not so hot as-at c. It may be used for all oxidation pro- 
cesses in which the highest temperature is not required. The upper reducing 
zone (e) is at the tip of the inner blue cone and is rich in incandescent carbon; 
it is especially useful for reducing oxide incrustations to the metal. The lower 
reducing zone (f) is situated in the inner edge of the mantle next to the blue cone 
and it is here that the reducing gases mix with the oxygen of the air; it is a less 
powerful reducing zone than e, and may be employed for the reduction of fused 
borax and similar beads. 

We can now return to the flame tests. Compounds of certain metals are 
volatilized in the non-luminous Bunsen flame and impart characteristic colours 
to the flame. The chlorides are among the most volatile compounds, and these 
are prepared in situ by mixing the compound with a little concentrated hydro- 
chloric acid before carrying out the tests. The procedure is as follows. A thin 
platinum wire about 5 cm long and 0:03-0:05 mm diameter, fused into the end 
ofa short piece of glass tubing or glass rod which serves as a handle, is employed. 
This is first thoroughly cleaned by dipping it into concentrated hydrochloric 
acid contained in a watch glass and then heating it in the fusion zone (b) of the 
Bunsen flame; the wire is clean when it imparts no colour to the flame. The wire is 
dipped into concentrated hydrochloric acid on a watch glass, then into a little of 
the substance being investigated so that a little adheres to the wire. It is then 
introduced into the lower oxidizing zone (c), and the colour imparted to the flame 
observed. Less volatile substances are heated in the fusion zone (b); in this way it 
is possible to make use of the difference in volatilities for the separation of the 
constituents of a mixture. 
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The colours imparted to the flame by salts of different metals are shown in Table 
I.1. 


Table II.1 Flame tests 


Observation Caused by 

Persistent golden-yellow flame Sodium 

Violet (lilac) flame Potassium 

Carmine-red flame Lithium 

Brick-red (yellowish) flame Calcium 

Crimson flame Strontium 
Yellowish-green flame Barium, molybdenum 
Green flame Borates, copper, thallium 
Blue flame (wire slowly corroded) Lead, arsenic, antimony, 


bismuth, copper 


Carry out flame tests with the chlorides of sodium, potassium, calcium, stront- 
ium, and barium and record the colours you observe. Repeat the test with a 
mixture of sodium and potassium chlorides. The yellow colouration due to the 
sodium masks that of the potassium. View the flame through two thicknesses of 
cobalt glass; the yellow sodium colour is absorbed and the potassium flame 
appears crimson. i 

Potassium chloride is much more volatile than the chlorides of the alkaline 
earth metals. It is therefore possible to detect potassium in the lower oxidizing 
flame and the calcium, strontium, and barium in the fusion zone. 


_ Repeat all the tests with a cobalt glass and note your observations. Table II.2. 
indicates the results to be expected. 


Table II.2 Flame tests with cobalt glass 


Flame colouration Flame colouration through cobalt Caused by 


glass 
Golden-yellow Nil Sodium 
Violet Crimson Potassium 
Brick-red Light-green Calcium 
Crimson Purple Strontium 
Yellowish-green Bluish-green Barium 


After all the tests, the platinum wire should be cleaned with concentrated 
hydrochloric acid. It is a good plan to store the wire permanently in the acid. 
A cork is selected that just fits into a test-tube, and a hole is bored through the 
cork through which the glass holder of the platinum wire is passed. The test- 
tube is about half filled with concentrated hydrochloric acid so that when the 
cork is placed in position, the platinum wire is immersed in the acid. 

A platinum wire sometimes acquires a deposit which is removed with difficulty 
by hydrochloric acid and heat. It is then best to employ fused potassium hydro- 
gen sulphate. A coating of potassium hydrogen sulphate is made to adhere to 
the wire by drawing the hot wire across a piece of the solid salt. Upon passing 
the wire slowly through a flame, the bead of potassium pyrosulphate which 
forms travels along the wire, dissolving the contaminating deposits. When cool, 
the bead is readily dislodged. Any small residue of pyrosulphate dissolves at 
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once in water, whilst the last traces are usually removed by a single moistening 
with concentrated hydrochloric acid, followed by heating. The resulting bright 
clean platinum wire imparts no colour to the flame. 


4. Spectroscopic tests. Flame spectra The best way to employ flame tests in 
analysis is to resolve the light into its component tints and to identify the cations 
present by their characteristic sets of tints. The instrument employed to resolve 
light into its component colours is called a spectroscope. A simple form is shown 
in Fig. II.3. It consists of a collimator A which throws a beam of parallel rays on 
the prism B, mounted ona turntable; the telescope C through which the spectrum 
is observed; and a tube D, which contains a scale of reference lines which may be 
superimposed upon the spectrum. The spectroscope is calibrated by observing the 
spectra of known substances, such as sodium chloride, potassium chloride, thall- 
ium chloride, and lithium chloride. The conspicuous lines are located on a graph 
drawn with wavelengths as ordinates and scale divisions as abscissae. The wave- 
length curve may then be employed in obtaining the wavelength ofallintermediate 
positions and also in establishing the identity of the component elements ofa 
mixture. 

To adjust the simple table spectroscope described above (which is always 
mounted on a rigid stand), a lighted Bunsen burner is placed in front of the 
collimator A at a distance of about 10 cm from the slit. Some sodium chloride is 
introduced by means of a clean platinum wire into the lower part of the flame, 
and the tube containing the adjustable slit rotated until the sodium line, as seen 
through the telescope C, is in a vertical position. (If available, it is more con- 
venient to employ an electric discharge ‘sodium lamp’: this constitutes a high- 
intensity sodium light source.) The sodium line is then sharply focused by suit- 
ably adjusting the sliding tubes of the collimator and the telescope. Finally, the 


Fig. 11.3 
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scale D is illuminated by placing a small electric lamp in front of it, and the scale 
sharply focused. The slit should also be made narrow in order that the position of 
the lines on the scale can be noted accurately. 

A smaller, relatively inexpensive, and more compact instrument, which is 
more useful for routine tests in qualitative analysis, is the direct vision spectro- 
scope with comparison prism, shown in Fig. II.4. 

The light from the ‘flame’ source passes along the central axis of the instru- 
ment through the slit, which is adjustable by a milled knob at the side. When the 
comparison prism is interposed, half the length of the slit is covered and thus 
light from a source in a position at right angles to the axis of the instrument will 
fall on one-half of the slit adjacent to the direct light which enters the other half. 
This light passes through an achromatic objective lens and enters a train of five 
prisms of the 60° type, three being of crown glass and the alternate two of flint 
glass. The train of prisms gives an angular dispersion of about 11° between the 
red and the blue ends of the spectrum. The resulting spectrum, which can be 
focused by means of a sliding tube adjustment, is observed through the window. 
There is a subsidiary tube adjacent to the main tube: the former contains a 
graticule on a glass disc, which is illuminated either from the same source of 
light as that being observed or from a small subsidiary source (e.g. a flash lamp 
bulb). It is focused by means of a lens system comprising two achromatic com- 
binations between which is a right angle prism. This prism turns the beam of 
light so that it falls on the face of the end prism (of the train of five prisms) and is 
reflected into the observer’s eye, where it is seen superimposed upon the 
spectrum. An adjusting screw is provided to alter the position of the right angle 


Clamp 
for stand 


Train of prisms 


Comparison 
prism 


Adjustable 
slit 
Objective 
lens 
Focusing adjustment for scale 


Fig. IL.4 


prism in order to adjust the scale relative to the spectrum. The scale is calibrated | 


directly into divisions of 10 nanometers (or 100 A in older'instruments) and has 
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also an indication mark at the D-line: it is ‘calibrated’ by means of a sodium 
source, and the adjusting screw is locked into position by means ofa locking nut. 
The instrument can be mounted on a special stand. 

If a sodium compound is introduced into the colourless Bunsen flame, it 
colours it yellow; if the light is examined by means of a spectroscope, a bright 
yellow line is visible. By narrowing the slit, two fine yellow lines may be seen. 
The mean wavelength of these two lines is 5-893 x 1077 m. [Wavelengths are 
generally expressed in nanometers (nm). 1 nm=1072 m. The old units of 
Angstrom (A, 1071° m) and millimicron (mp = 107° m, identical to nm) are now 
obsolete.] The mean wavelength of the two sodium lines is therefore 589-3 nm. The 
elements which are usually identified by the spectroscope in qualitative analysis 
are: sodium, potassium, lithium, thallium and, less frequently, because of the 
comparative complexity of their spectra, calcium, strontium, and barium. The 
wavelengths of the brightest lines, visible through a good-quality direct vision 
spectroscope, are collected in Table II.3. As already stated, the spectra of the 
alkaline earth metals are relatively complex and consist of a number of fine lines; 
the wavelengths of the brightest of these are given. If the resolution of the spec- 
troscope is small, they will appear as bands. 


Table II.3 Commonly occurring spectrum lines 


Element Description of line(s) Wavelength in nm 
Sodium Double yellow 589-0, 589:6 
Potassium Double red 766:5, 769-9 
Double violet 404:4, 404:7 
Lithium Red 670:8 
Orange (faint) 610:3 
Thallium Green 535-0 
Calcium Orange band 618-2-620:3 
Yellowish-green 555:4 
Violet (faint) 422:7 
Strontium Red band 674:4, 662:8 
Orange 606-0 
Blue 460:7 
Barium Green band 553:6, 534:7, 524:3, 513-7 
Blue (faint) 487:4 


The spectra of the various elements are shown diagrammatically in Fig. II.5; 
the positions of the lines have been drawn to scale. 

A more extended discussion is outside the scope of this volume, and the 
reader is referred to the standard works on the subject.* 


5. Borax bead tests A platinum wire, similar to that referred to under flame 
tests, is used for the borax bead tests. The free end of the platinum wire is coiled 
into a small loop through which an ordinary match will barely pass. The loop is 
heated in the Bunsen flame until it is red hot and then quickly dipped into 
powdered borax, NA,B,0,, 10H,0. The adhering solid is held in the hottest 
part of the flame; the salt swells up as it loses its water of crystallization and 


* See for example: L. H. Ahrens and R. S. Taylor: Spectrochemical Analysis. 2nd edn., Addison- 
Wesley 1961 or M. Slavin: Emission Spectrochemical Analysis, Wiley 1971. 
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shrinks upon the loop forming a colourless, transparent, glass-like bead con- 
sisting of a mixture of sodium metaborate and boric anhydride. 


Na,B,0, = 2NaBO,+B,0, 


The bead is moistened and dipped into the finely powdered substance so that 
a minute amount of it adheres to the bead. It is important to employ a minute 
amount of substance as otherwise the bead will become dark and opaque in the 
subsequent heating. The bead and adhering substance are first heated in the 
lower reducing flame, allowed to cool and the colour observed. They are then 
heated in the lower oxidizing flame, allowed to cool and the colour observed 
again. 

Characteristic coloured beads are produced with salts of copper, iron, 
chromium, manganese, cobalt, and nickel. Carry out borax bead tests with salts 
of these metals and compare results with those given in Chapter III. 

After each test, the bead is removed from the wire by heating it again to 
fusion, and then jerking it off the wire into a vessel of water. The borax bead 
also provides an excellent method for cleaning a platinum wire; a borax bead 
is run backwards and forwards along the wire by heating, and is then shaken 
off by a sudden jerk. 

The coloured borax beads are due to the formation of coloured borates; in 
those cases where different coloured beads are obtained in the oxidizing and the 
reducing flames, borates Corresponding to varying stages of oxidation of the 
metal are produced. Thus with Copper salts in the oxidizing flame, one has: 


Na2B,0, = 2NaBO,+B,0, 
Cu0+B,0, = Cu(BO,), (copper(II) metaborate) 
The reaction: 
Cu0+NaBO, = NaCuBO, (orthoborate) 


probably also occurs. In the reducing flame (i.e. in the presence of carbon), two 
reactions may take place: (i) the coloured copper(II) salt is reduced to colourless 


copper(I) metaborate: 
2Cu(BO,), + 2NaBO,+C = 2CuBO, + Na,B,0, + COT 


(ii) the copper(II 


) borate is reduced to metallic copper, so that the bead appears 
red and opaque: 


2Cu(BO,), + 4NaBO, +2C = 2Cu+2Na,B,0, +2COt 


With iron salts, Fe(BO,), 
oxidizing flames respectively. 


Some authors assume that the metal metaborate combines with sodium 


and Fe(BO,), are formed in the reducing and 


t Some authors do not recommend the use of a loop on the platinum wire as it is considered 
that too large a surface of the i 


d heating is repeated until a be; d 1-5- i R tai [ 
The danger of the bead falling off i g pe: il a beac 2 mm diameter is obtained 


experience that the loop method is far more satisfactory, especially in the hands of beginners, and 
is less time-consuming. 
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metaborate to give complex borates of the type Na[Cu(BO,), ], Na,[Ni(BO,), ] 
and Na,[Co(BO,),]: 


Cu(BO,),+2NaBO, = Na,[Cu(BO,).] 


Results obtainable with the borax-bead test are summarized in Section VI.25, 
Table VI.7. 


BLUE VIOLET 
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6. Phosphate (or microcosmic salt) bead tests The bead is produced similarly 
to the borax bead except that microcosmic salt, sodium ammonium hydrogen 
phosphate tetrahydrate Na(NH,)HPO,.4H;0, is used. The colourless, trans- 
parent bead contains sodium metaphosphate: 


Na(NH,)HPO, = NaPO,+H,Ot+NH,1 


This combines with metallic oxides forming orthophosphates, which are often 
coloured. Thus a blue phosphate bead is obtained with cobalt salts: 


NaPO,+CoO = NaCoPO, 


The sodium metaphosphate glass exhibits little tendency to combine with acidic 
oxides. Silica, in particular, is not dissolved by the phosphate bead. When a 
silicate is strongly heated in the bead, silica is liberated and this remains sus- 
pended in the bead in the form of a semi-translucent mass; the so-called silica 
‘skeleton’ is seen in the bead during and after fusion. This reaction is employed 
for the detection of silicates: 

CaSiO,+NaPO, = NaCaPO,+SiO, 


It must, however, be pointed out that many silicates dissolve completely in the 
bead so that the absence of a silica ‘skeleton’ does not conclusively prove that a 
silicate is not present. 

In general, it may be stated that the borax beads are more viscous than the 
phosphate beads. They accordingly adhere better to the platinum wire loop. 
The colours of the phosphates, which are generally similar to those of the borax 


beads, are usually more pronounced. The various colours of the phosphate 
beads are collected in the following table. 


Table II.4 Microcosmic salt bead tests 


Oxidizing flame 


Reducing flame Metal 

Green when hot, blue when Colourless when hot, red when Copper 

cold. cold. 
Yellowish- or reddish-brown Yellow when hot, colourless to Iron 

when hot, yellow when cold. green when cold. 
Green, hot and cold. Green, hot and cold. Chromium 
Violet, hot and cold. Colourless, hot and cold. Manganese 
Blue, hot and cold. Blue, hot and cold. Cobalt 
Brown, hot and cold. Grey when cold. Nickel 
Yellow, hot and cold. Green when cold. Vanadium 
Yellow when hot, yellow- Green, hot and cold. Uranium 

green when cold. 
Pale yellow when hot, colourless Green when hot, blue* 

eee ah en hot, blue* when Tungsten 
Colourless, hot and cold. Yellow when hot, violet* Titanium 


when cold. 


* Blood red when fused with a trace of iron(II) sulphate. 


3 a white, opaque head is roduced. If this i i i 
into a little potassium nitrate a Le 
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compound, and the whole heated in the oxidizing flame, a green bead of sodium 
manganate is formed: 


MnO +Na,CO, +0, = Na,MnO,+CO,t 


A yellow bead is obtained with chromium compounds, due to the production 
of sodium chromate: 


2Cr,0,+4Na,CO;+30, = 4Na,CrO,+4CO,1 


I.3 WET REACTIONS; MACRO APPARATUS AND ANALYTICAL 
OPERATIONS ON A MACRO SCALE Wet reactions are carried out with 
dissolved substances. Such reactions lead to: (a) the formation of a precipitate; 
(b) the evolution of a gas; or (c) a change of colour. The majority of 
reactions in qualitative analysis are carried out in the wet way, and details of 
these are given in later chapters. The following general notes on basic laboratory 
operations should be carefully studied. 


l. Test-tubes The best size for general use is 15x2cm with 25 ml total 
capacity. It is useful to remember that 10 ml of liquid fills a test-tube of this size 
to a depth of about 5:5 cm. Smaller test-tubes are sometimes used for special 
tests. For heating moderate volumes of liquids a somewhat larger tube, about 
18 x 2:5 cm, the so-called ‘boiling tube’ is recommended. A test-tube brush 
should be available for cleaning the tubes. 


2. Beakers Those of 50, 100, and 250 ml capacity and of the Griffin form are 
the most useful in qualitative analysis. Clock glasses of the appropriate size 
should be provided. For evaporations and chemical reactions which are likely 
to become vigorous, the clock glass should be supported on the rim of the beaker 


by means of V-shaped glass rods. 


3. Conical or Erlenmeyer flasks These should be of 50, 100, and 250 ml 
capacity, and are useful for decompositions and evaporations. The introduction 
of a funnel, whose stem has been cut off, prevents loss of liquid through the 
neck of the flask and permits the escape of steam. 


4. Stirring rods A length of glass rod, of about 4 mm diameter, is cut into 
suitable lengths and the ends rounded in the Bunsen flame. The rods should be 
about 20 cm long for use with test-tubes and 8-10 cm long for work with basins 
and small beakers. Open glass tubes must not be used as stirring rods. A rod 
pointed at one end, prepared by heating a glass rod in the flame, drawing it out 
when soft as in the preparation of a glass jet and then cutting it into two, is 
employed for piercing the apex of a filter paper to enable one to transfer the 
contents of a filter paper by means of a stream of water from a wash bottle into 
another vessel. 

A rubber-tipped glass rod or ‘policeman’ is employed for removing any solid 
from the sides of glass vessels. A stirring rod of polythene (polyethylene) with a 
thin fan-shaped paddle on each end is available commercially and functions asa 
satisfactory ‘policeman’ at laboratory temperature: it can be bent into any form. 


5. Wash bottle This may consist of a 500 ml flat-bottomed flask, and the 
stopper carrying the two tubes should be preferably of rubber (cf. Fig. II.19a). 
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It is recommended that the wash bottle be kept ready for use filled with hot water 
as it is usual to wash precipitates with hot water; this runs through the filter 
paper rapidly and has a greater solvent power than cold water so that less is 
required for efficient washing. Insulating cloth should be wound round the neck of 
the flask in order to protect the hand. 

A rubber bulb may be attached to the short tube as in Fig. II.19b: this form 
of wash bottle is highly convenient and is more hygienic than the type requiring 
blowing by the mouth. 

Polyethylene wash bottles (Fig. II.19d) can be operated by pressing the elastic 
walls of the bottle. The pressure pushes the liquid out through the tube. The 
flow rate can easily be regulated by changing the pressure exerted by the hand. 
When set aside the walls flatten out again and air is sucked into the bottle 
through the tube. As the air bubbles through the liquid, the latter will always be 
saturated with dissolved oxygen and this might interfere with some of the tests. 
These flasks cannot be heated, and although they will take hot liquids, it is very 
inconvenient to use them because one has to grip the hot walls. 


6. Precipitation When excess of a reagent is to be used in the formation of a 
precipitate, this does not mean that an excessive amount should be employed. 
In most cases, unless specifically stated, only a moderate amount over that 
required to bring about the reaction is necessary. This is usually best detected 
by filtering a little of the mixture and testing the filtrate with the reagent; if no 
further precipitation occurs, a sufficient excess of the reagent has been added. 
It should always be borne in mind that a large excess of the precipitating agent 
may lead to the formation of complex ions and consequent partial solution of 
the precipitate; furthermore, an unnecessary excess of the reagent is wasteful 
and may lead to complications at a subsequent stage of the analysis. When 
studying the reactions of ions the concentrations of the reagents are known and 


it is possible to judge the required volume of the reagent by quick mental 
calculation. 


1. Precipitation with hydrogen sulphide This operation is of such importance 
in qualitative analysis that it merits a detailed discussion. One method, which 
1s sometimes employed, consists of passing a stream of gas in the form of bubbles 
through the solution contained in an open beaker, test-tube, or conical flask; 
this Procedure is sometimes termed the ‘bubbling’ method. The efficiency of 
the method is low, particularly in acid solution; absorption of the gas takes 
place at the surface of the bubbles and, since the gas is absorbed slowly, most 
of it escapes into the air of the fume chamber and is wasted. It must be re- 
membered that the gas is highly poisonous. The ‘bubbling’ method is not 
recommended and should not be used for macro analysis. The most satisfactory 
procedure (the ‘pressure’ method) is best described with the aid of Fig. II.6. 
The solution is contained in a small Gonicai flask A, which is provided with a 
stopper and lead-in tube; B is a wash bottle containing water and serves to 
remove any hydrochloric acid spray that might be carried over from the Kipp’s 
apparatus in the gas stream; C is a stopcock which controls the flow of gas from 
the generator, whilst stopcock D provides an additional control* for the gas 


4 Stopcock D is optional; it prevents diffusion of air into the wash bottle and thus ensures an 
almost immediate supply of hydrogen sulphide. 
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flow. The conical flask is connected to the wash bottle by a short length of 
rubber tubing. The stopper is first loosened in the neck of the fiask and the gas 
stream turned on (C first, followed by D) so as to displace most of the air in the 
flask: this will take not more than about 30 seconds. With the gas flowing, the 
stopper is inserted tightly and the flask is gently shaken with a rotary motion; 
splashing of the liquid on to the hydrogen sulphide delivery tube should be 
avoided. In order to ensure that all the air has been expelled, it is advisable to 
loosen the stopper in A again to sweep out the gas and then to stopper the flask 
tightly. Passage of the gas is continued with gentle rotation of the flask until the 
bubbling of the gas in B has almost ceased.+ At this point the solution in A should 
be saturated with hydrogen sulphide and precipitation of the sulphides should 
be complete: this will normally require only a few minutes. Complete precipi- 
tation should be tested for by separating the precipitate by filtration, and 
repeating the procedure with the filtrate until the hydrogen sulphide produces 


(a) 


Fig. 11.6 


no further precipitate. Occasionally a test-tube replaces the conical fiask; it 
is shown (with the stopper) in (b). The delivery tube must be thoroughly cleaned 
after each precipitation. The advantages of the ‘pressure’ method are: (i) a large 
surface of the liquid is presented to the gas and (ii) it prevents the escape of 
large amounts of unused gas. 

Alternatively, a saturated aqueous solution of hydrogen sulphide can be used 
as a reagent. This can most easily be prepared in the bottle B of the apparatus 
shown in Fig. II.6. Such a reagent can most conveniently be used in teaching 
laboratories or classroom demonstrations when studying the reactions of ions. 
For a quantitative precipitation of sulphides (e.g. for separation of metals) the 
use of hydrogen sulphide gas is however recommended. 


n a small proportion of hydrogen due to the iron 
acement of the gas in the flask (by loosening 
y will ensure complete precipitation. 


+ It must be borne in mind that the gas may contai : 
usually present in the commercial iron(II) sulphide. Displ i 
the stopper) when the bubbling has diminished considerab 
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8. Filtration The purpose of filtration is, of course, to separate the mother 
liquor and excess of reagent from the precipitate. A moderately fine-textured 
filter paper is generally employed. The size of the filter paper is controlled by the 
quantity of precipitate and not by the volume of the solution. The upper edge of 
the filter paper should be about 1 cm from the upper rim of the glass funnel. It 
should never be more than about two-thirds full of the solution. Liquids con- 
taining precipitates should be heated before filtration except in special cases, 
for example that of lead chloride which is markedly more soluble in hot than 
cold water. Gelatinous precipitates, which usually clog the pores of the filter 
paper and thus considerably reduce the rate of filtration, may be filtered through 
fluted filter paper or through a pad of filter papers resting on the plate of a 
Buchner funnel (Fig. II.9b or c); this procedure may be used when the quantity 
of the precipitate is large and it is to be discarded. The best method is to add a 
little filter paper pulp to the solution and then to filter in the normal manner. 
The filter paper pulp may consist of (a) filter paper clippings, ashless grade, 
(b) a filtration ‘accelerator’ or ‘ashless tablet’ (Whatman), or (c) ‘dry-dispersed’, 
ash-free, analytical filter paper pulp (Schleicher and Schuell, U.S.A.). All the 
various forms of pure filter paper pulp increase the speed of filtration by re- 
taining part of the precipitate and thus preventing the clogging of the pores of 
the filter paper. 

When a precipitate tends to pass through the filter paper, it is often a good 
plan to add an ammonium salt, such as ammonium chloride or nitrate, to the 
solution; this will help to prevent the formation of colloidal solutions. The 
addition of a Whatman filtration ‘accelerator’ may also be advantageous. 

A precipitate may be washed by decantation, as much as possible being re- 
tained in the vessel during the first two or three washings, and the precipitate 
then transferred to the filter paper. This procedure is unnecessary for coarse, 
crystalline, easy filterable precipitates as the washing can be carried out directly 
on the filter paper. This is best done by directing a stream of water from a wash 
bottle first around the upper rim of the filter and following this down in a spiral 
towards the precipitate in the apex; the filter is filled about one-half to two- 
thirds full at each washing. The completion of washing, i.e. the removal of the 
precipitating agent, is tested for by chemical means; thus if a chloride is to be 
removed, silver nitrate solution is used. If the solution is to be tested for acidity 
or alkalinity, a drop of the thoroughly stirred solution, removed upon the end 
of a glass rod, is placed in contact with a small strip of ‘neutral’ litmus paper or 


of ‘wide Tange’ or ‘universal’ test paper on a watch glass. Other test papers are 
employed similarly. 


9. Removal of the precipitate from the filter If the precipitate is bulky, sufficient 
amounts for examination can be removed with the aid of a smail nickel or 
Stainless steel spatula. If the amount of precipitate is small, one or two methods 
may be employed. In the first, a small hole is pierced in the base of the filter 
paper with a pointed glass rod and the precipitate washed into a test-tube or a 


Rete yth a paean of water from the wash bottle. In the second, the 
ERE moved from the funnel, opened out on a clock glass, and scraped 


It is frequently necessa; i ipi is i 

a essary to dissolve a precipitate completely. This is most 
rauy gene by pouring the solvent, preferably whilst hot, on to the filter and 
repeating the process, if necessary, until all the precipitate has passed into 
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solution. If it is desired to maintain a small volume of the liquid, the filtrate 
may be poured repeatedly through the filter until all the precipitate has passed 
into solution. When only a small quantity of the precipitate is available, the 
filter paper and precipitate may be heated with the solvent and filtered. 


10, Aids to filtration The simplest device is to use a funnel with a long stem, 
or better to attach a narrow-bored glass tube, about 45 cm long and bent as 
shown in Fig. II.7, to the funnel by means of rubber tubing. The lower end of 
the tube or of the funnel should touch the side of the vessel in which the filtrate 
is being collected in order to avoid splashing. The speed of filtration depends 
inter alia upon the length of the water column. 

Where large quantities of liquids and/or precipitates are to be handled, or if 
rapid filtration is desired, filtration under diminished pressure is employed: a 
metal or glass water pump may be used to provide the reduced pressure, A filter 
flask of 250-500 ml capacity is fitted with a two-holed rubber bung; a long glass 
tube is passed through one hole and a short glass tube, carrying a glass stopcock 
at its upper end, through the other hole. The side arm of the flask is connected 
by means of thick-walled rubber tubing (‘pressure’ tubing) to another flask, into 


Fig. 11.7 


the mouth of which a glass funnel is fitted by means ofa rubber bung. (Fig. 11.9). 
Upon applying suction to the filter paper fitted into the funnel in the usual way, 
it will be punctured or sucked through, particularly when the volume of the 
liquid in the funnel is small. To surmount the difficulty, the filter paper must be 
supported in the funnel. For this purpose either a Whatman filter cone (No. 51) 
made of a specially hardened filter paper, or a Schleicher and Schuell (U.S.A.) 
filter paper support (No. 123), made from a muslin-type material which will not 
retard filtration, may be used. Both types of support are folded with the filter 
paper to form the normal type of cone (Fig. II.8). After the filter paper has béen 
supported in the funnel, filtration may be carried out in the usual manner under 
the partial vacuum created by the pump, the stopcock T being closed. When 
filtration is complete, the stopcock T is opened, air thereby entering the 
apparatus which thus attains atmospheric pressure; the filter funnel may now 


be removed from the filter flask. 


Fig. 11.8 
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For a large quantity of precipitate, a small Buchner funnel (b in Fig. II.9, 
shown enlarged for the sake of clarity) is employed. This consists of a porcelain 
funnel in which a perforated plate is incorporated. Two thicknesses of well- 
fitting filter paper cover the plate. The Buchner funnel is fitted into the filter 
flask by means of a cork. When the volume of liquid is small, it may be collected 
in a test-tube placed inside the filter flask. The Jena ‘slit sieve’ funnel* shown 
in c, is essentially a transparent Buchner funnel; its great advantage over the 


porcelain Buchner funnel is that it is easy to see whether the funnel is perfectly 
clean. 


(b) 


(c) (d) 


Fig. 11.9 


* 


A Pyrex ‘slit sieve’ funnel, with 65 mm disc, is available commercially. 
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11. Evaporation The analytical procedure may specify evaporation to a 
smaller volume or evaporation to dryness. Bath operations can be conveniently 
carried out in a porcelain evaporating dish or casserole; the capacity of the 
vessel should be as small as possible for the amount of liquid being reduced in 
volume. The most rapid evaporation is achieved by heating the dish directly on 
a wire gauze. For many purposes a water bath (a beaker half-filled with water 
maintained at the boiling point is quite suitable) will serve as a source of heat; 
the rate of evaporation will of course be slower than by direct heating with a 
flame. Should corrosive fumes be evolved during the evaporation, the process 
must be carried out in the fume cupboard. When evaporating to dryness, it is 
frequently desirable, in order to minimize spattering and bumping, to remove 
the dish whilst there is still a little liquid left; the heat capacity of the evaporating 
dish is usually sufficient to complete the operation without further heating. 
The reduction in volume of a solution may also be accomplished by direct 
heating in a small beaker over a wire gauze or by heating in a wide test-tube 
(‘boiling-tube’), held in a holder, by a free flame; in the latter case care must be 
taken that the liquid does not bump violently. A useful anti-bumping device, 
applicable to solutions from which gases (hydrogen sulphide, sulphur dioxide, 
etc.) are to be removed by boiling, is shown in Fig. II.10. It consists of a length 


->ftem| 
ES TE 


Fig. 11.10 


of glass tubing sealed off about 1 cm from one end, which is inserted into the 
solution. The device must not be used in solutions that contain a precipitate. 


12. Drying ofprecipitates Partial drying, which is sufficient for many purposes, 
is accomplished by opening out the filter, laying it upon several dry filter papers 
and allowing them to absorb the water. More complete drying is obtained by 
placing the funnel containing the filter paper in a ‘drying cone’ (a hollow tinned- 
iron cone or cylinder), which rests either upon a sand bath or upon a wire gauze 
and is heated by means of a small flame. The funnel is thus exposed to a current 
of hot air, which rapidly dries the filter and precipitate. Great care must be taken 
not to char the filter paper. A safer but slower method is to place the funnel and 
filter paper, or the filter paper alone resting upon a clock glass, inside a steam 


oven. 


j apparatus The importance of using clean apparatus cannot be 
ee pie ere All glassware should be put away clean. A few minutes 
should be devoted at the end of the day’s work to ‘cleaning up’; one should 
remember that wet dirt is very much easier to remove than dry dirt. A test-tube 
brush should be used to clean test-tubes and other glass apparatus. Test-tubes 
may be inverted in the test-tube stand and allowed to drain. Other apparatus, 
after rinsing with distilled water, should be wiped dry with a ‘glass cloth’, that is a 
cloth which has been washed at least once and contains no dressing. | 

Glass apparatus which appears to be particularly oe or ENS is cleaned 
by soaking in chromosulphuric acid (concentrated sulphuric acid containing 
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about 100 g of potassium dichromate Per litre), followed by a liberal washing 
with tap water, and then with distilled water. 


14. Some working hints (a) Always work in a tidy, systematic manner. 
Remember a tidy bench is indicative of a methodical mind. A string duster is 
useful to wipe up liquids spilt upon the bench. All glass and porcelain apparatus 


(b) Reagent bottles and their Stoppers should not be put upon the bench. 


eir correct places upon the shelves immediately 
after use. If a reagent bottle is empty, it should be returned to the store-room 


(c) When Carrying out a test which depends upon the formation of a 
precipitate, make sure that both the solution to be tested and the reagent are 
absolutely free from Suspended particles. If this is not the case, filter the solutions 
first. 

(d) Do not waste gas or chemicals. The size of the Bunsen flame should be 
no larger than is absolutely necessary. It should be extinguished when no longer 


required. Avoid using unnecessary excess of reagents. Reagents should always 
be added portion-wise. 


(e) Pay particular attention to the disposal of waste. Neither strong acids 
nor strong alkalis should be thrown into the sink; the 
first, and the sink flushed with much water. Solids (corks, filter Paper, etc.) 
should be placed in the special boxes provided for them in the laboratory. On 


U may thus creep in, the habit of performing experi- 
ments and recording them immediately is one tha 


(h) If the analysis is incomplete at the end of the laboratory period, label 
all solutions and 


Precipitates clearly. It is a good plan to cover these with filter 
Paper to prevent the entrance of dust, etc, 


1. Test-tubes and centrifuge tubes 
20 


Small Pyrex test-tubes (usually 75 x 10 mm, 
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13—14 mm 


i] 


100x 12mm 


+ 75 x 10mm ————> 
>—_76 1] mm 


=>— 60x 25 mm ——> 


4ml 8ml 20ml 3ml 
(a) (b) (c) (d) 
Fig. 1.11 


4 ml, sometimes 100 x 12 mm, 8 ml) are used for reactions which do not require 

boiling. When a precipitate is to be separated by centrifuging, a centrifuge tube 
(Fig. II.11d) is generally employed; here, also, the contents cannot be boiled as 
‘bumping’ will occur. Various sizes are available; the 3 ml centrifuge tube is the 
most widely used and will be adopted as standard throughout this book. For 
rapid concentration of a solution by means of a free flame, the semimicro boiling 
tube (60 x 25mm, Pyrex; Fig. II.11c) will be found convenient. 


2. Stirring rods Solutions do not mix readily in semimicro test-tubes_and 
centrifuge tubes; mixing is effected by means of stirring rods. These can readily 
be made by cutting 2 mm diameter glass rod into 12 cm lengths. A handle may 
be formed, if desired, by heating about 1 cm from the end and bending it back 
at an angle of 45° (see Fig. II.12b). The sharp edges are fire-polished by heating 


Fig. 11.12 


shing a precipitate with water or other liquid, it is 
o that every particle is brought in contact with as 
ble: this is best done by holding the tube almost 


momentarily in a flame. In wa 
essential to stir the precipitate so 
large a volume of liquid as possi 
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horizontal to spread the precipitate over a larger surface, and then stirring the 
suspension. 


3. Droppers For handling liquids in semimicro analysis, a dropper (also 
termed a dropper pipette) is generally employed. Two varieties are shown in 
Fig. II.13a and b. The former one finds application, in 30 or 60 ml reagent bottles 
and may therefore be called a reagent dropper; the capillary of the latter (b) is lon g 
enough to reach to the bottom of a3 ml centrifuge tube, and is used for removing 
supernatant liquids from test-tubes and centrifuge tubes and for the quantitative 
addition of reagents. Dropper b will be referred to as a capillary dropper. 


(a) < S5m— = 5cm— 


Oaea 10cm — = 8em: — 
Fig. 11.13 


dropper giving the number of drops per ml. 
, the standard commercial form of medicine droj 
inside diameter and 3 mm outside diameter, 
Solutions about 0:05 m! in volume, i.e. 


ml) may be slightly too large when 
- However, if this dropper is used, it 


4. Reagent bottles and reage imi 
nt. 
side i i agents A semimicro reagent bottle may be easily 
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(a) 
Fig. 11.14 


rubber teat (or bulb), is attacked by concentrated inorganic acids. A dropping 
bottle of 30 ml capacity with an interchangeable glass cap (Fig. II.14c) is also 
marketed. The bottles a and b cannot be used for concentrated acids and other 
corrosive liquids because of their action upon the stoppers. The simplest con- 
tainers for these corrosive liquids are 30 or 60 ml T.K. dropping bottles 
(Fig. II.14d). 

For the study of reactions it is best to divide reagents into two groups. Those 
reagents which are most frequently used should be kept by each worker separately; 
solid wooden stands are available commercially to house these. A list of such 
reagents is given in Table II.5. 


Table II.5 Reagents for semimicro work 


Reagent Bottles Fitted with Reagent Droppers (Fig. I1.14a or b) 


Sodium hydroxide 2m Acetic acid, dil. 2m 
Ammonium sulphide M Ammonia solution, conc. 15m 
Potassium hydroxide 2M Ammonia solution, dil. 2M 
Barium chloride 025M Potassium hexacyanoferrate(II) 0:025M 
Silver nitrate O-IM Potassium chromate OIM 

Ammonium carbonate M 


Iron(III) chloride 0:5M 


T.K. Dropper Bottles 


Hydrochloric acid, conc. 12M Hydrochtoric acid, dil. 2m 
Sulphuric acid, conc. 18M Sulphuric acid, dil. M 
Nitric acid, conc. 16M Nitric acid, dil. 2M 


The other reagents, which are used less frequently, are kept in 60 or 125 ml 
dropping bottles (30 ml for expensive or unstable reagents) on the reagent shelf 
(side shelf or side rack reagents); further details of these will be found in the 
Appendix. When using these side shelf reagents, great care should be taken that the 
droppers do not come into contact with the test solutions, thus contaminating the 
reagents. If accidental contact should be made, the droppers must be thoroughly 
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rinsed with distilled water and then dried. Under no circuinstances should the 
capillary end of the dropper be dipped into any foreign solution. 


5. The centrifuge The separation of a precipitate from a supernatant liquid is 
carried out with the aid of a centrifuge. This is an apparatus for the separation 
of two substances of different density by the application of centrifugal force 
which may be several times that of gravity. In practice, the liquid containing the 
suspended precipitate is placed in a semimicro centrifuge tube. The tube and its 
contents, and a similar tube containing an equal weight of water, are placed in 
diagonally opposite buckets of the centrifuge, and the cover is placed in 
position; upon rotation for a short time and after allowing the buckets to come 
to rest and removing the cover, it will be found that the precipitate has separated 
at the bottom of the tube. This operation (centrifugation) replaces filtration in 
macro analysis. The supernatant liquid can be readily removed by means of a 
capillary dropper; the clear liquid may be called the centrifugate or ‘centrate’. 
The advantages of centrifugation are: (i) speed, (ii) the precipitate is concen- 
trated into a small volume so that small precipitates are observed readily and 
their relative magnitudes estimated, (iii) the washing of the precipitate can be 
carried out rapidly and efficiently, and (iv) concentrated acids, bases, and other 
corrosive liquids can be manipulated easily. 
Several types of centrifuge are available for semimicro analysis. These are: 
A. A small 2-tube hand centrifuge with protecting bowl and cover 
(Fig. II.15); if properly constructed it will give speeds up to 2-3000 rev min ~! 
with 3 ml centrifuge tubes: The central spindle should be provided with a locking 
Screw or nut: this is an additional safeguard against the possibility of the head 


Removable lid 


Centrifuge head 


riting handles 
for li 


Position 
of centrifuge 
tube when 
running 
Position of 
centrifuge tube 
at rest 
Oil here 


Fig. 11.15. 
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carrying the buckets flying off — an extremely rare occurrence. The hand-driven 
centrifuge is inexpensive and is satisfactory in most cases. 

B. An inexpensive constant speed, electrically-driven centrifuge (see Fig. 
II.16) has a working speed of 1450 rev min~!, sometimes supplied with a dual 
purpose head. The buckets can either ‘swing out’ to the horizontal position or, by 
means ofarubber adapter, the buckets can beheld ata fixed angle. In thelattercase, 
the instrument acts as an ‘angle’ centrifuge. 


Fig. 11.16 


When using a centrifuge, the following points should be borne in mind: 

(a) The two tubes should have approximately the same size and weight. 

(b) The tube should not be filled beyond 1 cm from the top. Spilling may 
corrode the buckets and produce an unbalanced head. 

(c) Before centrifuging a precipitate contained in a centrifuge tube, pre- 
pare a balancing tube by adding sufficient distilled water from a dropper to an 
empty tube of the same capacity until the liquid levels in both tubes are 
approximately the same. 

(d) Insert the tubes in diametrically opposite positions in the centrifuge; 
the head (sometimes known as a rotor) will then be balanced and vibration will 
be reduced to a minimum. Fix the cover in place, 

(e) When using a hand-driven centrifuge, start the centrifuge slowly and 
smoothly, and bring it to the maximum speed with a few turns of the handle. 
Maintain the maximum speed for 30-45 seconds, and then allow the centrifuge to 
come to rest of its own accord by releasing the handle. Do not attempt to retard the 
speed of the centrifuge with the hand. A little practice will enable one to judge the 
exact time required to pack the precipitate tightly at the bottom of the tube. It is of 
theutmost importance to avoid strains or vibrations as these may result in stirring 
up the mixture and may damage the apparatus. 

(f) Before commencing a centrifugation, see whether any particles are 
floating on the surface of the liquid or adhering to the side of the tube. Surface 
tension effects prevent surface particles from settling readily. Agitate the surface 
with a stirring rod if necessary, and wash down the side of the centrifuge tube 
using a capillary dropper and a small volume of water or appropriate solution, 

(g) Never use centrifuge tubes with broken or cracked lips. 

(h) When using a motor-driven centrifuge, never leave it while it is in 
motion. If a suspicious sound is heard, or you observe that the instrument is 
vibrating or becomes unduly hot, turn off the current at once and report the matter 
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to the supervisor. An unusual sound may be due to the breaking ofa tube; vibration 
suggests an unbalanced condition. 

Most semimicro centrifuges will accommodate both semimicro test-tubes 
(75 x 10 mm) and centrifuge tubes (up to 5 ml capacity). The advantages of the 
latter include easier removal of the mother liquor with a dropper, and, with 
small quantities of solids, the precipitate is more clearly visible (and the relative 
quantity is therefore more easily estimated) in a centrifuge tube (Fig. II.17). 

To remove the supernatant liquid, a capillary dropper is generally used. The 
centrifuge tube is held at an angle in the left hand, the rubber teat or nipple of the 


Precipitate 
Fig. 11.17 


capillary dropper, held in the right hand, is compressed to expel the air and the 
capillary end is lowered into the tube until it is just below the liquid (Fig. 11.18). 
As the pressure is very slowly released the liquid rises in the dropper and the 
latter is lowered further into the liquid until all the liquid is removed. Great 
care should be taken as the capillary approaches the bottom of the centrifuge 
tube that its tip does not touch the precipitate. The solution in the dropper 
should be perfectly clear; it can be transferred to another vessel by merely com- 
pressing the rubber bulb. In difficult cases, a little cotton wool may be inserted 


Fig. 11.18 
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in the tip of the dropper and allowed to protrude about 2 mm below the glass 
tip; any excess of cotton wool should be cut off with scissors. 


6. Washing the precipitates It is essential to wash all precipitates in order to 
remove the small amount of solution present in the precipitate, otherwise it will 
be contaminated with the ions present in the centrifugate. It is best to wash the 
precipitate at least twice, and to combine the first washing with the centrifugate. 
The wash liquid is a solvent which does not dissolve the precipitate but dilutes 
the quantity of mother liquor adhering to it. The wash liquid is usually water, 
but may be water containing a small amount of the precipitant (common ion 
effect) or a dilute solution of an electrolyte (such as an ammonium salt) since 
water sometimes tends to produce colloidal solutions, i.e. to peptize the 
precipitate. 

To wash a precipitate in a centrifuge tube, 5-10 drops of water or other reagent 
are added and the mixture thoroughly stirred (stirring rod or platinum wire); 
the centrifuge tube is then counterbalanced against another similar tube con- 
taining water to the same level and centrifuged. The supernatant liquid is re- 
moved by a capillary dropper, and the washing is repeated at least once. 


7. Wash bottles For most work in semimicro analysis a 30 or 60 ml glass 
stoppered bottle is a suitable container for distilled water; the latter is handled 
with a reagent dropper. Alternatively, a bottle carrying its own dropper 
(Fig. II.14a or b) may be used. A small conical flask (25 or 50 ml) may be used 
for hot water. For those who prefer wash bottles, various types aré available 
(Fig. 11.19): a is a 100 or 250 ml flat-bottomed flask with a jet of 0:5-1 mm 
diameter, and is mouth-operated; b is a hand-operated wash bottle (flask, 
125 ml; rubber bulb, 50 ml); c is a Pyrex 50 ml graduated wash bottle, and d 
is a polythene bottle, from which the wash solution can be obtained by squeezing. 


(d) 


Fig. 11.19 


8. Transferring of precipitates In some cases precipitates can be transferred 
from semimicro test-tubes with a small spatula (two convenient types in nickel 
or monel metal are shown in Fig. 11.20). This operation is usually difficult, 
particularly for centrifuge tubes. Indeed, in semimicro analysis it is rarely 
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Fig. 11.20 


necessary to transfer actual precipitates from one vessel to another. If, for some 
reason, transfer of the precipitate is essential, a wash liquid or the reagent itself 
is added, the mixture vigorously stirred and the resulting suspension transferred 
to a reagent dropper, and the contents of the latter ejected into the other vessel ; 
if required, the liquid is removed by centrifugation. 

If the precipitate in a test-tube is to be treated with a reagent in an evaporating 
dish or crucible, the reagent is added first, the precipitate brought into suspension 
by agitation with a stirring rod, and the suspension is then poured into the open 
dish or crucible. The test-tube may be washed by holding it in an almost vertical 
(upside down) position with its mouth over the receptacle and directing a fine 


stream of solution or water from a capillary dropper on to the sides of the 
test-tube. 


9. Heating of solutions Solutions in semimicro centrifuge tubes cannot be 
heated over a free flame owing to the serious danger of ‘bumping’ (and conse- 
quent loss of part or all of the liquid) in such narrow tubes. The ‘bumping’ or 
spattering of hot solutions may often be dangerous and lead to serious burns if 
the solution contains strong acids or bases. Similar remarks apply to semimicro 
test-tubes. However, by heating the side of the test-tube (8 ml) and not the 
bottom alone with a micro burner, as indicated in Fig. II.21, and withdrawing 


Fig. 1.21 
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Fig. 11.22 


from the flame periodically and shaking gently, ‘bumping’ does not usually 
occur. The latter heating operation requires very careful manipulation and 
should not be attempted by beginners. The mouth of the test-tube must be pointed 
away from others nearby. The danger of ‘bumping’ may be considerably 
reduced by employing the anti-bumping device shownin Fig. II. 10; the tube should 
be about 1 cm longer than the test-tube to facilitate removal. 

On the whole it is better to resort to safer methods of heating. The simplest 
procedure is to employ a small water bath. This may consist of a 250 ml 
Pyrex beaker, three-quarters filled with water and covered with a lead or 
galvanized iron plate (Fig. 11.22) drilled with two holes to accommodate a 
test-tube and a centrifuge tube. It is a good plan to wind a thin rubber band 


15mm 


Fig 11.23 Fig t.24 
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about 5 mm from the top of the tube; this will facilitate the removal of the hot 
tube from the water bath without burning the fingers and, furthermore, the 
rubber band can be used for attaching small pieces of folded paper containing 
notes of contents, etc. 

A more elaborate arrangement which will, however, meet the requirements 
of several workers, is Barber’s water bath rack (Fig. II.23). The dimensions of a 
rack of suitable size are given in Fig. 1.24. This rack will accommodate four 
centrifuge tubes and four semimicro test-tubes. The apparatus is constructed 
of monel metal, stainless steel, a plastic material which is unaffected by water 
at 100°C, or of brass which is subsequently tinned. The brass may be tinned by 


boiling with 20 per cent sodium hydroxide solution containing a few lumps of 
metallic tin. 


10. Evaporations Where rapid concentration of a liquid is required or where 
volatile gases must be expelled rapidly, the semimicro boiling tube (c in Fig. 
II.11) may be employed. Two useful holders, constructed of a light metal alloy, 
are shown in Fig. II.25; b is to be preferred as the boiling tube cannot fall out 
by mere pressure on the holder at the point where it is usually held.* Slow 
evaporation may be achieved by heating in a test-tube, crucible, or beaker ona 
water bath. 

If evaporation to dryness is required, a small casserole (c. 6 ml) or crucible 
(3-8 ml) may be employed. This may be placed in an air bath consisting of a 
30 ml nickel crucible and supported thereon by aring (Fig. II.26a) and heated with 
a semimicro burner. Alternatively, a small Pyrex beaker (say, of 50 or 100ml 
Capacity) may be used with a silica or nichrome triangle to support the crucible or 


pee (Fig. 11.26): this device may also be used for evaporations in semimicro 
eakers. 


(a) 


(b) 
Fig. 11.25 


* A small woodi y z 
Soden clothes-peg (spring type) may also be used for holding semimicro test-tubes. 
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(a) 


(b) 
Fig. II.26 


Evaporation to dryness may also be accomplished by direct intermittent 
heating with a micro burner of a crucible (supported on a nichrome or silica 
triangle) or of a semimicro beaker (supported on a wire gauze). A little practice 
is required in order to achieve regular boiling by intermittent heating with a 
flame and also to avoid ‘bumping’ and spattering; too hot a flame should not 
be used. In many cases the flame may be removed whilst a little liquid remains; 
the heat capacity of the vessel usually suffices to complete the evaporation 
without further heating. If corrosive fumes are evolved, the operation should 
be conducted in the fume cupboard. 


11. Dissolving of precipitates The reagent is added and the suspension is 
warmed, if necessary, on the water bath until the precipitate has dissolved. If 
only partial solution occurs, the suspension may be centrifuged. 

Some precipitates may undergo an ageing process when set aside for longer 
times (e.g. overnight). This can result in an increased resistance against the 
reagent used for dissolution. In later chapters, when dealing with the particulars of 
reactions, sucha tendency ofa precipitateis always noted. Itis advisable to arrange 
the timetable of work with these precipitates in such a way that dissolution can be 


attempted soon after precipitation. 


12. Precipitations with hydrogen sulphide Various automatic generators of the 
Kipp type are marketed. Owing to the highly poisonous and very obnoxious 
character of hydrogen sulphide, these generators are always kept in a fume cup- 
board (draught chamber or hood.) A wash bottle containing water should always 
be attached to the generator in order to remove acid spray (compare Fig. II.6a). 
The tube dipping into the liquid in the wash bottle should preferably be a heavy- 
walled capillary; this will give a better control of the gas flow and will also help to 
prolong the life of the charge in the generator. err 
Precipitation may be carried out in a centrifuge tube, but a semimicro test- 
tube or 10 ml conical flask is generally preferred; for a large volume of solution, 
2 25 ml Erlenmeyer flask may be necessary. The delivery tube is drawn out to a 
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thick-walled capillary (1-2 mm in diameter) and carries at the upper end a small 
rubber stopper which fits the semimicro test-tube* (Fig. 11.27) or conical flask. 
The perfectly clean delivery tube is connected to the source of hydrogen sulphide 
as in Fig. II.6, and a slow stream of gas is passed through the liquid for about 
30 seconds in order to expel the air, the cork is pushed into position and the 
Passage of hydrogen sulphide is continued until very few bubbles pass through 
the liquid; the vessel is shaken gently from time to time. The tap in the gas 


Fig. 11.27 
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(a) (b) 
Fig. II.28 


down with a 4 mm glass rod, and 0:5-1 ml of the reagent introduced. An alterna- 
tive apparatus for liquid reagents is shown in c: it is a type of absorption pipette 
and is attached to the 4 ml test-tube by a rubber stopper or a tightly-fitting 
paraffined cork. A drop or two of the liquid reagent is introduced into the 
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Fig. 11.29 
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absorption tube. The double bulb ensures that all the evolved gas reacts, and it 
also prevents the test reagent from being sucked back into the reaction mixture. 
All the above apparatus, a—c, may be warmed by placing in the hot water rack 
(e.g. Fig. 11.23). They will meet all normal requirements for testing gases evolved 
in reactions in qualitative analysis. 

When the amounts of evolved gas are likely to be small, the apparatus of 
Fig. 11.29 may be used; all the evolved gas may be swept through the reagent 
by a stream of air introduced by a rubber bulb of about 100ml capacity. The 
approximate dimensions of the essential part of the apparatus are given in a, 
whilst the complete assembly is depicted in b. The sample under test is placed 
in B, the test reagent is introduced into the ‘filter tube’ A over a tightly-packed 
plug of cotton wool (or other medium), and the acid or other liquid reagent, is 
added through the ‘filter tube’ C. The rubber bulb is inserted into C, and by 
depressing it gently air is forced through the apparatus, thus sweeping out the 


gases through the test Teagent in A. The apparatus may be warmed by placing 
it in a hot water bath. 


14. Cleaning of apparatus It is essential to keep all apparatus scrupulously 
clean if trustworthy results are to be obtained. All apparatus must be thoroughly 
cleaned with chromosulphuric acid (concentrated sulphuric acid containing 
about 100 g of potassium dichromate per litre) or with a brush and cleaning 
Powder. The apparatus is then rinsed several times with tap water, and re- 
peatedly with distilled water. Special brushes (Fig. II.30) are available for semi- 
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Fig. 11.30 


micro test-tubes and centrifu 
satisfactory. The tubes may 
may be inverted in a small be 
of filter paper or a fil 


ge tubes; the commercial ‘pipe cleaners’ are also 
be allowed to drain in a special stand or else they 
aker on the bottom of which there are several folds 
ter paper pad to absorb the water. Larger apparatus may 
be allowed to drain on a clean linen towel or glass cloth. Droppers are best 
cleaned by first Temoving the rubber bulbs or teats and allowing distilled water 
to run through the tubes; the teats are cleaned by repeatedly filling them with 
distilled water and emptying them. When clean, they are allowed to dry ona 
linen glass cloth. At the end of the laboratory period, the clean apparatus is 
Placed in a box with cover, so that it remains clean until required. 


15. Spot plates. Drop-reaction paper These are employed chiefly for con- 
firmatory tests (see Section II.6 for a full discussion). 


16. Some Practical hints 


(a) Upon commencing work, arrange the more common and frequently 
used apparatus in an orderly manner on your bench. Each item of apparatus 
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should have a definite place so that it can be found readily when required. All 
apparatus should have been cleaned during the previous laboratory period. 

(b) Weigh the sample for analysis (if a solid) to the nearest milligram: 
50 mg is a suitable quantity. 

(c) Read the laboratory directions carefully and be certain that you under- 
stand the purpose of each operation — addition of reagents, etc. Examine the 
label on the bottle before adding the reagent. Serious errors leading to a con- 
siderable loss of time and, possibly, personal injury may result from the use of 
the wrong reagent. Return each reagent bottle to its proper place immediately 
after use. 

(d) When transferring a liquid reagent with a reagent dropper always hold 
the dropper just above the mouth of the vessel and allow the reagent to ‘drop’ 
into the vessel. Do not allow the dropper tip to touch anything outside the 
reagent bottle; the possible introduction of impurities is thus avoided. Similar 
remarks apply to the use of T.K. dropper bottles. 

(e) Never dip your own dropper into a reagent. Pour a little of the reagent 
(e.g. a corrosive liquid) into a small clean vessel (test-tube, crucible, beaker, 
etc.) and introduce your dropper into this. Never return the reagent to the 
bottle; it is better to waste a little of the reagent than to take the risk of con- 
taminating the whole supply. 

(f) Do not introduce your spatula into a reagent bottle to remove a little 
solid. Pour or shake a little of the solid on to a clean, dry watch glass, and use 
this. Do not return the solid reagent to the stock bottle. Try to estimate your 
requirements and pour out only the amount necessary. 

(g) All operations resulting in the production of fumes (acid vapours, 
volatile ammonium salts, etc.) or of poisonous or disagreeable gases (hydrogen 
sulphide, chlorine, sulphur dioxide, etc.) must be performed in the fume - 
cupboard. i 

(h) Record your observations briefly in your note-book in ink immediately 
after each operation has been completed. 

(i) Keep your droppers scrupulously clean. Never place them on the 
bench. Rinse the droppers several times with distilled water after use. At the 
end of each laboratory period, remove the rubber teat or cap and rinse it 
thoroughly. ; 

(j) During the course of the work place dirty centrifuge tubes, test-tubes, 
etc., in a definite place, preferably in a beaker, and wash them at convenient 
intervals. This task can often be done while waiting for a solution to evaporate 
or for a precipitate to dissolve while being heated on a water bath. 

(k) Adequately label all solutions and precipitates which must be carried 
over to the next laboratory period. 

(J) When in difficulty, or if you suspect any apparatus (e.g. the centrifuge) 
is not functioning efficiently, consult the supervisor. 


17. Semimicro apparatus The apparatus suggested for each workbench is listed 
below. (The liquid reagents recommended are given in Section II.4(4).) 
1 wash bottle, polythene (Fig. II.19d) 


1 beaker, Griffin form, 250 ml __ i 
1 hot water rack constructed of tinned copper (Figs. II.23 and I1.24) or 


1 lead cover (Fig. 11.22) for water bath 
35 


I.4 QUALITATIVE INORGANIC ANALYSIS 


1 beaker, 5 ml 

1 beaker, 10 ml 1 

1 conical flask, 100 ml, and one 50ml rubber bulb (for wash bottle, Fig. II.19) 

2 conical flasks, 10 ml 

1 conical flask, 25 ml 

6 test-tubes, 75 x 10 mm,* 4 ml, with rim 

2 test-tubes, 75 x 10 mm,* 4 ml, without rim 

2 “filter tubes’, 55 x 7 mm* (Fig. II.28) 

1 gas absorption pipette (with 75 x 10mm test-tube and rubber stopper, 
Fig.1I.28) 

4 centrifuge tubes, 3 ml (Fig. II.11d) 

2 semimicro boiling tubes, 60 x 25 mm, 20 ml i 

1 wooden stand (to house test-tubes, ‘filter tubes’, gas absorption pipette, 
conical flasks, etc.) 

2 medicine droppers, complete with rubber teats (bulbs) 

2 reagent droppers (Fig. I1.13a) 

2 capillary droppers (Fig. I1.13b) 

1 stand for droppers 

2 anti-bump tubes (Fig. 11.10) 

l crucible, porcelain, 3 ml (23 x 15 mm) 

l crucible, porcelain, 6 ml (28 x 20 mm) 

l crucible, porcelain, 8 ml (32 x 19 mm) 

3 rubber stoppers (one | x 2 cm, two 0:5 x 1:5 cm, to fit 25 ml conical flask, 
test-tube, and gas absorption pipette) 

30 cm glass tubing, 4 mm outside diameter (for H-S apparatus) 

10 cm rubber tubing, 3 mm (for H,S apparatus) 

5 cm rubber tubing, 5 mm (for ‘filter tubes’) 

30 cm glass rod, 3 mm (for stirring rods, Fig. IT.12) 

l measuring cylinder, 5 ml 

1 watch glass, 3-5 cm diameter 

2 cobalt glasses, 3 x 3 cm 

2 microscope slides 

1 platinum wire (5 cm of 0:3 mm diameter) 

1 forceps, 10 cm 

l semimicro spatula (Fig. 11.204 or b) 

l semimicro test-tube holder (Fig. 11.25) 

1 semimicro test-tube brush (Fig. 11.30). 

1 pipe cleaner 

1 spot plate (6 Cavities) 

1 wide-mouthed bottle, 25 ml filled with cotton wool 

1 wide-mouthed bottle, 25 ml filled with strips (2 x 2 cm) of drop reaction 
paper 

1 dropping bottle, labelled DISTILLED WATER 

1 packet blue litmus paper 

1 packet red litmus paper 


* Semimicro test-tubes (100 x 12-5 mm, 8 ml) and i 
5 the appropriate ‘filter tubes’ (80 x 9 mm) are 
marketed, and these may find application in analysi i 
EEEa TUA RS nalysis. The smaller 4 ml test-tubes will generally 


7 can be used di i imi i i 
buckets provided for the 3 mi centrifuge tubes. Ao ae oriente 
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l triangular file (small) 

1 tripod and wire gauze (for water bath) 
l retort stand and one iron ring 7-5 cm 
1 wire gauze (for ring) 

1 triangle, silica 

1 triangle, nichrome 

1 Bunsen burner 

1 semimicro burner 


II.5 MICRO APPARATUS AND MICROANALYTICAL OPERATIONS 
In micro analysis the scale of operations is reduced by a factor of 0:01 as com- 
pared with macro analysis. Thus whereas in macro analysis the weights and 
volumes for analysis are 0:5-1 g and about 10 ml, and in semimicro analysis 
50 mg and 1 ml respectively, in micro analysis the corresponding quantities 
are about 5 mg and 0:1 ml. Micro analysis is sometimes termed milligram 
analvsis to indicate the order of weight of the sample employed. It must be 
pointed out that whilst the weight of the sample for analysis has been reduced, 
the ratio of weight to volume has been retained and in consequence the con- 
centration of the individual ions, and other species, is maintained. A special 
technique must be used for handling such small quantities of materials. There 
is no sharp line of demarcation between semimicro and micro analysis and much 
of the technique described for the former can, with suitable modifications to 
allow for the reduction in scale by about one-tenth, be utilized for the latter. 
Some of the modifications, involving comparatively simple apparatus, will be 
described. No attempt will be made to deal with operations centred round the 
microscope (magnification up to 250) as the specialized technique is outside 
the scope of this volume.* 

The small amounts of material obtained after the usual systematic separations 
can be detected, in many cases, by what is commonly called spot analysis, i.e. 
analysis which utilizes spots of solutions (about 0-05 ml or smaller) or a fraction 
of a milligram of solids. Spot analysis has been developed as a result of the 
researches of numerous chemists: the names of Tananaeff, Krumholz, Wenger, 
van Niewenburg, Gutzeit and, particularly, Feigl and their collaborators must 
be mentioned in this connection. In general, spot reactions are preferable to 
tests which depend upon the formation and recognition of crystals under the 
microscope, in that they are easier and quicker to carry out, less susceptible to 
slight variations of experimental conditions, and can be interpreted more 
readily. Incomplete schemes of qualitative inorganic analysis have been pro- 
posed which are based largely upon spot tests: these cannot, however, be 
regarded as entirely satisfactory for very few spot tests are specific for particular 
ions and also the adoption of such schemes will not, in the long run, help in the 
development of micro qualitative analysis. It seems that the greatest potential 
ogress lies in the use of the common macro procedures (or simple modifi- 
cations of them) to carry out preliminary separations followed by the utilization 
ofspot tests after the group or other separation has been effected. Hence the follow- 
ing pages will contain an account of the methods which can be used for perform- 


for p 


*For a detailed account see: H. H. Emons, H. Keune and H. H. Seyfarth: Chemical Microscopy in 
G. Svehla (Ed.): Wilson & Wilson's Comprehensive Analytical Chemistry Vol. XVI, Elsevier, 1982. 
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ing macro operations on a micro scale and also a discussion of the technique of 
spot analysis. 

Micro centrifuge tubes (Fig. II.31) of 0-5-2ml capacity replace test-tubes, 
beakers and flasks for most operations. Two types of centrifuge tubes are 
shown: b is particularly useful when very small amounts of precipitate are being 
handled. Centrifuge tubes are conveniently supported in a rack consisting of a 
wooden block provided with 6 to 12 holes, evenly spaced, of 1:5 cm diameter 
and 1-3 cm deep. 

Solutions are separated from precipitates by centrifuging. Semimicro centri- 
fuges (Section II.4.5), either hand-operated or electrically-driven, can be used. 
Adapters are provided inside the buckets (baskets) in order to accommodate 
micro centrifuge tubes with narrow pen ends. 

Precipitations are usually carried out in micro centrifuge tubes. After centri- 
fuging, the precipitate collects in the bottom of the tube. The supernatant liquid 


B-14mm 13-14mm 


xR. 
63 *8:-5mm 68x Ilmm 


Int. diam. 
3-Smm 


Fig. 11.31 


may be removed either by a capillary dropper (Fig. 11.13) or by means of a 


transfer capillary pipette. The latter consists of a thin glass tube (internal 
diameter about 2 mm: this can be prepared from wider tubing) 20 to 25 cm in 
length with one end drawn out in a micro flame to a tip with a fine opening. 
The correct method of transferring the liquid to the capillary pipette will be 
evident from Fig. 11.32. The centrifuge cone is held in the right hand and the 
capillary pipette is pushed slowly towards the precipitate so that the point of 
the capillary remains just below the surface of the liquid. As the liquid rises in 
the pipette, the latter is gradually lowered, always keeping the tip just below the 
surface of the liquid until the entire solution is in the Pipette and the tip is about 


a p n ea 


E = e D 
Fig. 11.32 


38 


EXPERIMENTAL TECHNIQUES II.5 


To pump 


Fig. 11.33 


l mm above the precipitate. The pipette is removed and the liquid blown or 
drained out into a clean dry centrifuge tube. 

Another useful method for transferring the centrifugate to, say, another 
centrifuge tube will be evident upon reference to Fig. II.33. The siphon is made 
of thermometer capillary and is attached to the capillary pipette by means of a 
short length of rubber tubing of | mm bore. The small hole A in the side of the 
tube permits perfect control of the vacuum; the side arm of the small test-tube 
is situated near the bottom so as to reduce spattering of the liquid in the centri- 
fuge tube inside the test-tube when the vacuum is released. Only gentle suction 


wA 


[* 0:3 cm 
10cm bore 
| O-lem 
4cm bore 


T Oæ 02cm dia. 


Fig. 11.34 
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is applied and the opening A is closed with menneet: upon removing the finger, 
i f the capillary siphon ceases immediately. ; 

M a eaiaie the wash solution is added directly a 
precipitate in the centrifuge tube and stirred thoroughly either by a pla aH 
wire or by means of a micro stirrer, such as is shown in Fig. at the. Janer a 
readily be made from thin glass rod. The mixture is then enni uge i an pie 
clear solution removed by a transfer capillary pipette as already describe i ir 
may be necessary to repeat this operation two or three times to ensure comple 
ree eae of precipitates is comparatively rare in micro qualitative analysis. 
Most of the operations are usually so designed that it is only necessary to transfer 
solutions. However, if transfer of a precipitate should be essential and the pre- 
cipitate is crystalline, the latter may be sucked up by a dry dropper pipette and 
transferred to the appropriate vessel. If the precipitate is gelatinous, it may be 


transferred with the aid of a narrow glass, nickel, monel metal, or platinum 
spatula. The centrifuge tube must be of t 


ype a (Fig. 11.31) if most of the pre- 
cipitate is to be removed. 


The heating of solutions in centrifuge tubes is best carried out by supporting 
them in a suitable stand (compare Figs. 11.2223) and heating on a water bath. 
When higher temperatures are required, as for evaporation, the liquid is trans- 
ferred to a micro beaker or micro crucible; this is supported by means of a 
nichrome wire triangle 


as indicated in Fig. II.35. Micro beakers may be heated 


Fig. 11.35 


Wire triangle 


Micro beaker 
or crucible 


Nickel crucible 


by means of the device shown in Fig. 11.36, which is laid on a water bath 


Section A-B 
L 


jw 


Steam jacket —— 


NI 
for micro beaker 


Water bath rings 


Fig. 11.36 
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r “Rubber 
stopper 


Lacie 


Š cotton wool 


M 


Fig. 11.37 


Clamp 


Another valuable method for concentrating solutions or evaporating to 
dryness directly in a centrifuge tube consists of conducting the operation on a 
water bath in a stream of filtered air supplied through a capillary tube fixed just 
above the surface of the liquid. The experimental details will be evident by 
reference to Fig. 1.37. 

Micro centrifuge tubes are cleaned with a feather, ‘pipe cleaner’ or small test- 
tube brush (cf. Fig. II.30). They are then filled with distilled water and emptied 
by suction as in Fig. II.38. After suction has commenced and the liquid removed, 
the tube is filled several times with distilled water without removing the suction 
device. Dropper pipettes are cleaned by repeatedly filling and emptying them 
with distilled water, finally separating rubber bulb and glass tube, and rinsing 
both with distilled water from a wash bottle. A transfer capillary pipette is 
cleaned by blowing a stream of water through it. 


Fig. 11.38 
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The passage of hydrogen sulphide into a solution in a micro centrifuge tube 
is carried out by leading the gas through a fine capillary tube in order not to 
blow the solution out of the tube. The delivery tube may be prepared by drawing 
out part of a length of glass tubing of 6 mm diameter to a capillary of 1-2 mm 
bore and 10-20 cm long. A plug of pure cotton wool is inserted into the wide 
part of the tubing, and then the capillary tube is drawn out by means of a 
micro burner to a finer tube of 0:3-0-5 mm bore and about 10 cm long. The 
complete arrangement is illustrated in Fig. 11.39. Such a fine capillary delivers 
a stream of very small bubbles of gas; large bubbles would throw the solution 
out of the micro centrifuge tube. The flow of the hydrogen sulphide must be 
commenced before introducing the point of the capillary into the centrifuge 
cone. If this is not done, the solution will rise in the capillary and when hydrogen 
sulphide is admitted, a precipitate will form in the capillary tube and clog it. 


Rubber 


Fig. 11.39 


Fig. 11.40 


ies ie ncaa, ne ston 18 indicated by an increase in the size of 
; alter about two minute: 

The identification of i i o 

Aasian gases obtained i 
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Confirmatory tests for ions may be carried out either on drop reaction paper 
or upon a spot plate. The technique of spot tests is fully described in Section II.6. 
The following micro apparatus* will be found useful: 
Micro porcelain, silica, and platinum crucibles of 0:5 to 2 ml capacity 
Micro beakers (5 ml) and micro conical flasks (5 ml) 
Micro centrifuge tubes (0:5, 1-0 and 2:0 ml) 
Micro test-tubes (40-50 x 8 mm) 
Micro volumetric flasks (1, 2, and 5 ml) 
Micro nickel, monel, or platinum spatula, 7-10 cm in length and flattened 
at one end 
Micro burner 
Micro agate pestle and mortar 
Magnifying lens, 5x or 10x 
A pair of small forceps 
A small platinum spoon, capacity 0:5-1 ml, with handle fused into a glass 
tube. (This may be used for fusions.) 


II.6 SPOT TEST ANALYSIS The term ‘spot reaction’ is applied to micro 
and semimicro tests for compounds or for ions. In these chemical tests manipu- 
lation with drops (macro, semimicro, and micro) play an important part. Spot 
reactions may be carried out by any of the following processes: 

(i) By bringing together one drop of the test solution and of the reagent 
on porous or non-porous surfaces (paper, glass, or porcelain). 

(ii) By placing a drop of the test solution on an appropriate medium (e.g. 
filter paper) impregnated with the necessary reagents. 

(iii) By subjecting a strip of reagent paper or a drop of the reagent to the 
action of the gases liberated from a drop of the test solution or from a minute 
quantity of the solid substance. 

(iv) By placing a drop of the reagent ona small quantity of the solid sample, 
including residues obtained by evaporation or ignition. 

(v) By adding a drop of the reagent to a small volume (say, 0:5-2 ml) of 
the test solution and then extracting the reaction products with organic solvents. 

The actual ‘spotting’ is the fundamental operation in spot test analysis, but 
it is not always the only manipulation involved. Preliminary preparation is 
usually necessary to produce the correct reaction conditions: The preparation 
may involve some of the operations of macro analysis on a diminished scale 
(see Section II.5), but it may also utilize certain operations and apparatus 
peculiar to spot test analysis. An account of the latter forms the subject matter 
of the present section. 

Before dealing with the apparatus required for spot test reactions, it is 
necessary to define clearly the various terms which are employed to express the 
sensitivity of a test. The limit of identification is the smallest amount recognizable, 
and is usually expressed in micrograms (ug) or gamma (y), one microgram or one 
gamma being one-thousandth part of a milligram or one-millionth part of a 
gram: 
1 pg = ly = 0001 mg = 10°°g 
Throughout this text the term sensitivity will be employed synonymously with 


*All glass apparatus must be of borosilicate (e.g Pyrex) glass. 


43 


1.6 QUALITATIVE INORGANIC ANALYSIS 


limit of identification. The concentration limit is the greatest dilution in which 
the test gives positive results; it is expressed as a ratio of substance to solvent 
or solution. For these two terms to be comparable, a standard size drop must 
be used in performing the test. Throughout this book, unless otherwise stated, 
sensitivity will be expressed in terms of a standard drop of 0-05 ml. 

The removal and addition of drops of test and reagent solutions is most 
simply carried out by using glass tubing, about 20 cm long and 3 mm external 
diameter; drops from these tubes have an approximate volume of 0:05 ml. 
The capillary dropper (Fig. II.135) may also be employed. A useful glass pipette, 
about 20 cm long, may be made from 4 mm tubing and drawn out at one end 
in the flame (Fig. II.41); the drawn-out ends of these pipettes may be of 
varying bores. Polyethylene micro pipettes with elastic bulb on the top are also 
suitable. A liberal supply of glass tubes and pipettes should always be kept at 
hand. They may be stored in a beaker about 10 cm high with the constricted end 
downwards and resting upon a pad of pure cotton wool; the beaker and pipettes 
can be protected against dust by covering with a sheet of polythene. Pipettes 
which are used frequently may be supported horizontally on a stand constructed 
of thin glass rod. After use, they should be immersed in beakers filled with dis- 


tilled water: interchanges are thus prevented and subsequent thorough cleaning 
is facilitated. 


a 


U 
Fig. 11.41 


TRA aaa and even-sized drops can be obtained by means of platinum wire 
o Foe e ‘Size of the loop can be varied and by calibrating the various loops 
ve one the drops delivered), the amount of liquid delivered from each 

; p nown fairly accurately. A number of loops are made by bending 
platinum wire of suitable thickness; the wires should be attached in the usual 
manner to lengths of glass rod or tubing to act as handles. They are kept in 
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Pyrex test-tubes fitted with corks or rubber stoppers and labelled with par- 
ticulars of the size of drop delivered. It must be pointed out that new smooth 
platinum wire allows liquids to drop off too readily, and hence it is essential to 
roughen it by dipping into chloroplatinic acid solution, followed by heating to 
glowing in a flame; this should be repeated several times. Micro burettes some- 
times find application for the delivery of drops. 

Reagent solutions can be added from dropping bottles of 25-30 ml capacity 
(see Section II.4.4). A stock bottle for water and for solutions which do not 
deteriorate on keeping, is shown in Fig. II.42; it permits easy addition in drops. 


Fig. 11.42 


This stock bottle is constructed from a Pyrex flask into which a tube with a 
capillary end is fused: a small rubber bulb is placed over the drawn-out neck, 
which has a small hole to admit air. 

Digestion of solid samples with acid or solvent may be performed in small 
crucibles heated on a metal hot plate, or in an air bath (Fig. II.35), or in the 
glass apparatus illustrated in Fig. 11.43. The last-named is heated over a micro 
burner, and then rotated so that supernatant liquid or solution may be poured 


off drop-wise without danger or loss. 
Spot tests may be performed in a number of ways: on a spot plate, in a micro 


Fig. 11.43 
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The commercial spot plates are made from glazed porcelain and usually 
contain 6 to 12 depressions of equal size that hold 0-5 to 1 ml of liquid. It is 
advisable, however, to have several spot plates with depressions of different 
sizes. The white porcelain background enables very small colour changes to be 
seen in reactions that give coloured products; the colour changes are more 
readily perceived by comparison with blank tests in adjacent cavities of the spot 
plate. Where light-coloured or colourless precipitates or turbidities are formed, 
it is better to employ black spot plates. Transparent spot plates of borosilicate 
be placed upon glossy paper of 
suitable colour. The drops of test solution and reagent brought together on a 
spot plate must always be mixed thoroughly; a glass stirrer (Fig. 11.34) or a 


Traces of turbidity and of colour are also readily distinguished in micro 
ntrifuge tubes. As a general rule, these 
olutions so as to obtain a sufficient depth 


Fig. 11.44 


nickel wire; the tubes will slip throu 
The wire holder is arranged to fit ov: 
water at the a 


gh the openings and rest on their collars. 


r er a small beaker, which can be filled with 
ppropriate temperature. 


“mphasized that all glass and porcelain apparatus, including spot 
ucibles, must be kept scrupulously clean. It is a good plan to wash 
ly spot plates) immediately after use. Glassware and 


compounds (especially yellow) ase: it is also preferred when weakly coloured 


(Or when the test depends upon 
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slight colour differences. Filter paper. however. cannot be used with strongly 
acidic solutions for the latter cause it to tear, whilst strongly basic solutions 
produce a swelling of the paper. Nevertheless, for many purposes and especially 
for those dependent upon the application of capillary phenomena, spot reactions 
carried out on filter paper possess advantages over those in glass or porcelain: 
the tests generally have greater sensitivity and a permanent (or semi-permanent) 
record of the experiment is obtained. 

Spot reactions upon filter paper are usually performed with Whatman drop 
reaction paper No. 120, but in some cases Whatman No. 3 is utilized: the 
Schleicher and Schuell (U.S.A.) equivalents are Nos. 601 and 598. These papers 
possess the desirable property of rapidly absorbing the drops without too much 
spreading, as is the case with thinner papers. Although impurities have been 
reduced to minimum values, these papers may contain traces of iron and 
phosphate: spot reactions for these are better made with quantitative filter 
paper (Whatman No. 42 or, preferably. the hardened variety No. 542). The 
paper should be cut into strips 6 x 2 cm or 2 x 2 cm, and stored in petri dishes 
or in vessels with tightly-fitting stoppers. 

Spot test papers are marketed in which the spot reaction is confined to a 
uniform area of fixed dimensions, produced by surrounding the area by a 
chemically inert, water-repelling barrier. These papers are developed by 
H. Yagoda and may be employed for semi-quantitative work. The Schleicher 
and Schuell (U.S.A.) No. 211Y ‘confined spot test’ paper is intended for use 
with single drops of solution, and No. 597Y for somewhat larger volumes. 
They are often referred to as Yagoda test papers. 

Spot reactions on paper do not always involve interaction between a drop of 


test solution and one of the reagent. Sometimes the paper is impregnated with 
the reagent and the dry impregnated reagent paper is spotted with a drop of the 
solution. Special care must be taken in the choice of the impregnating reagent. 
Organic reagents, that are only slightly soluble in water but dissolve readily in 
alcohol or other organic solvents, find extensive application. Water-soluble 
salts of the alkali metals are frequently not very stable in paper. This difficulty 
can often be surmounted by the use of sparingly soluble salts of other metals. 
In this way the concentration of the reactive ion can be regulated automatically 
by the proper selection of the impregnating salt. and the specificity of the test 
can be greatly improved by thus restricting the number of possible reactions. 
Thus potassium xanthate (a selective reagent for molybdenum) has little value as 
an impregnating agent since it decomposes rapidly and is useless after a few days. 
When, however, cadmium xanthate is used, a paper is obtained which gives 
sensitive reactions only with copper and molybdenum and will keep for months. 
Similarly the colourless zinc hexacyanoferrate(II) offers parallel advantages asa 
source of hexacyanoferrate(II) ions: it provides a highly sensitive test for iron(II) 
ions. A further example is paper impregnated with zinc, cadmium, or antimony 
sulphides: such papers are stable, each with its maximum sulphide-ion concen- 
tration (controlled by its solubility product) and hence only those metallic sul- 
phides are precipitated whose solubility products are sufficiently low. Antimony 


III) sulphide paper precipitates only silver, copper, and mercury in the presence 
(III) sulphide pap! ickel, cobalt and zinc. It might be expected that the 


of lead, cadmium, tin, iron, ni a 
use of ‘insoluble’ reagents would decrease the reaction rate. This retardation is 
not significant when paper is the medium because of the fine state of division and 


the great surface available. Reduction in sensitivity becomes appreciable only 
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when the solubility products of the reagent and the reaction product approach 
the same order of magnitude. This is naturally avoided in the selection of 
reagents. 

Filter paper may be impregnated with reagents by ine following methods: 

(i) For reagents that are soluble in water or in organic solvents, strips of 

filter paper are bathed in the solutions contained in beakers or in dishes. Care 
must be taken that the strips do not stick to the sides of the vessel or to one 
another, as this will prevent a uniform impregnation. The immersion should 
last about 20 minutes and the solution should be stirred frequently or the vessel 
gently rotated to produce a swirling of the solution. The strips are removed 
from the bath, allowed to drain, pinned to a string (stretched horizontally), 
and allowed to dry in the air. Uniform drying is of great importance. 

Alternatively, the reagent may be sprayed on to the filter paper. The all-glass 
spray shown in Fig. II.45 (not drawn to scale) gives excellent results. A rubber 
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Fig. 11.45 


bulb is attached at C; the cork is fitted int 


with the impregnating solution. The pa 
on the other. 


th f For reagents that are precipitated on the paper, the strips are soaked 
rapidly and uniformly with the solution of one of the reactants, dried and then 
immersed similarly in a solution of the 

removed by washing, and the strips di 
of solutions, 
In Preparing 
with concent 


o a boiling tube or small flask charged 
per is sprayed first on one side and then 


ermined by experiment. 
on should never be made 
omogeneous precipitation 
is washed and dried. It is 


gent in the gaseous form, e.g. hydrogen sulphide for 


the precipitate, no danger of washing away 
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The reactions are carried out by adding a drop of the test solution from a 
capillary pipette, etc., to the centre of the horizontal reagent paper resting 
across a porcelain crucible or similar vessel; an unhindered capillary spreading 
follows and a circular spot results. With an impregnated reagent paper, the 
resulting change in colour may occur almost at once, or it may develop after the 
application of a further reagent. It is usually best not to place a drop of the test 
solution on the paper but to allow it to run slowly from a capillary tip (0-2-1 mm 
diameter) by touching the tip on the paper. The test drop then enters over a 
minute area, precipitation or adsorption of the reaction product occurs in the 
immediate surrounding region, where it remains fixed in the fibres whilst the 
clear liquid spreads radially outwards by capillarity. A concentration of the 
coloured product, which would otherwise be spread over the whole area 
originally wetted by the test drop, is obtained, thus rendering minute quantities 
distinctly visible. A greater sensitivity is thus obtained than by adding a free 
drop SF the test solution. Contact with the fingers should be avoided in manipu- 
lation with drop-reaction papers, a corner of the strip should be held with a 
„pair of clean forceps. 

The problem of separating solid and liquid phases either before or after taking 
a sample drop or two of the test solution frequently arises in spot test analysis. 
When there is a comparatively large volume of liquid and the solid matter is 
required, centrifugation in a micro centrifuge tube (Fig. II.31) may be employed. 
Alternatively, a micro sintered glass filter tube (Fig. 11.46), placed in a test-tube 


Fig. 11.46 


of suitable size, may be subjected to centrifugation: this device simplifies the 
washing of a precipitate. If the solid is not required, the liquid may be collected 
in a capillary pipette by sucking through a small pad of purified cotton wool 
placed in the capillary end; upon removing the cotton wool and wiping the 
pipette, the liquid may be delivered clear and free from suspended matter. 

A useful filter pipette is shown in Fig. 11.47. It is constructed of tubing of 
6mm diameter. A rubber bulb is attached to the short arm A; the arm B is 
ground fiat, whilst the arm C is drawn out to a fine capillary; a short piece of 
rubber tubing is fitted over the top of B. For filtering, a disc of filter paper of the 
same diameter as the outside diameter of the tube (cut out from filter paper by 
means of a sharp cork borer or by a hand punch) is placed on the flat ground 
surface of B, the tube F placed upon it and then held in position by sliding the 
rubber tubing just far enough over the paper to hold it when the tube F is 
removed. The filter pipette may be used either by placing a drop of the solution 
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Fig. 11.47 


on the filter disc or by immersing the tube end B into the crucible, test-tube, or 
receptacle containing the solution to be filtered. The bulb is squeezed by the 


Another method involves the use of an Emich filter stick fitted through a 
rubber stopper into a thick-walled suction tube; the filtrate is collected in a 
micro test-tube (Fig. 11.48). The filter Stick has a small pad of pure cotton wool 


Fig. 11.48 
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U 


Fig. 11.49 


The apparatus illustrated in Fig. II.49 may be employed when the filter paper 
(or drop reaction paper) must be heated in steam; the filter paper is placed on 
the side arm support. By charging the flask with hydrogen sulphide solution, 
ammonia solution, chlorine or bromine water, the apparatus can be used for 
treating the filter paper with the respective gases or vapours. 

Fusion and solution of a melt may be conducted either in a platinum wire loop 
or in a platinum spoon (0:5-1 ml capacity) attached to a heavy platinum wire 
and fused into a glass holder. 

Gas reactions may be performed in specially devised apparatus. Thus in 
testing for carbonates, sulphides, etc., it is required to absorb the gas liberated 
in a drop of water or reagent solution. The apparatus is shown in Fig. II.50, and 
consists of a micro test-tube of about | ml capacity, which can be closed with a 
small ground glass stopper fused to a glass knob. The reagent and test solution 
or test solid are placed in the bottom of the tube, and a drop of the reagent for 


Al 


Fig. 11.50 Fig. I-51 Fig. 11.52 
Si 
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the gas is suspended on the knob of the stopper. The gas is evolved in the tube, 
if necessary, by gently warming, and is absorbed by the reagent on the knob. 
Since the apparatus is closed, no gas can escape, and if sufficient time is allowed 
it is absorbed quantitatively by the reagent. A drop of water may replace the 
reagent on the stopper; the gas is dissolved, the drop may be washed on to a 
spot plate or into a micro crucible and treated with the reagent. The apparatus, 
shown in Fig. II.51, which is closed by a rubber stopper, is sometimes preferable, 
particularly when minute quantities of gas are concerned; the glass tube, blown 
into a small bulb at the lower end, may be raised or lowered at will, whilst the 
change of colour and reaction products may be rendered more easily visible by 
filling the bulb with gypsum or magnesia powder. In some reactions, e.g. in 
testing for ammonia, it may be desirable to suspend a small strip of reagent paper 
from a glass hook fused to the stopper as in Fig. II.52. When a particular gas 
has to be identified in the presence of other gases, the apparatus shown in 
Fig. II.53 should be used; here the stopper for the micro test-tube consists of a 
small glass funnel on top of which the impregnated filter paper is laid in order 
to absorb the gas. The impregnated filter paper permits the passage of other 
gases and only retains the gas to be tested by the formation of a non-volatile 
compound that can be identified by means of a spot test. Another useful 
apparatus is shown in Fig. II.54; it consists of a micro test-tube into which is 


sadane FÀ 


Fig. 11.53 Fig. 11.54 Fig. 11.55 


Placed a loosely-fitting glass tube narrowed at both ends. The lower capillary 

end is filled to a height of about 1 mm with a suitable reagent solution; if the gas 

liberated forms a coloured compound with the reagent, it can easily be seen in 

the capillary. i 

Meste high temperatures or 
ple 


hard glass tube supported in a 
11.55) may be used. Th 
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In Chapters III, IV and VI, the experimental details are given for the detection 
of a number of ions by spot tests. The sensitivities given are, as a general rule, 
for a solution containing only the ion in question. It must be remembered that 
this is the most favourable case, and that in actual practice the presence of other 
ions usually necessitates a modification of the procedure which is frequently 
indicated, and which, more often than not, involves a loss of sensitivity. Almost 
without exception each test is subject to interference from the presence of other 
ions, and the possibility of these interferences occurring must be taken into 
consideration when a test is applied. Furthermore, the sensitivities when deter- 
mined upon drop-reaction paper will depend upon the type of paper used. The 
figures given in the text have been obtained largely with the Schleicher and 
Schuell spot paper: substantially similar results are given by the equivalent 
Whatman papers. 

It is important to draw attention to the difference between the terms ‘specific’ 
and ‘selective’ when used in connection with reagents or reactions. Reactions 


(and reagents), which under the experimental conditions employed are indicative 
of one substance (or ion) only are designated as specific, whilst those reactions 
(and reagents) which are characteristic of a comparatively small number of 
substances are classified as selective. Hence we may describe reactions (or 


reagents) as having varying degrees of selectivity; however, a reaction (or 
reagent) can be only specific or not specific. 


Fig. 11.56 
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CHAPTER Ill REACTIONS OF THE CATIONS 


M.I CLASSIFICATION OF CATIONS (METAL IONS) INTO ANALYTI- 
CAL GROUPS For the Purpose of systematic qualitative analysis, cations 
are classified into five groups on the basis of their behaviour against some 
reagents. By the systematic use of these so-called group reagents we can decide 
about the presence or absence of groups of cation 


cation of the most common cations is based on the differences 
their chlorides, sulphides, and carbonates. 


The five groups of cations and the characteristics of these groups are as 
follows: 


Group I Cations of this group form precipitates with dil 


ute hydrochloric acid. 
Ions of this group are lead, mercury(I), and silver. 


group Ila and the last six the sub. 


Group Ila are insoluble in ammonium polysulphide, those of cations in Group 
IIb are soluble. 
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Il, and III. They form precipitates with ammonium carbonate in the presence 
of ammonium chloride in neutral or slightly acidic medium. Cations of this 
group are calcium, strontium, and barium. 


Group V Common cations, which do not react with reagents of the previous 
groups, form the last group of cations, which includes magnesium, sodium, 
potassium, ammonium, lithium, and hydrogen ions. 

This group system of cations can be extended to include less common ions 
as well. Classification of these ions, together with their reactions, will be given in 
Chapter VI. 


II.2 NOTES ON THE STUDY OF THE REACTIONS OF IONS When 
studying the reactions of ions, experimental techniques described in Chapter II’ 
should be applied. The reactions can be studied both in macro and semimicro 
scale, and the majority of the reactions can be applied as a spot test as well. 
Hints on the preparation of reagents are given in the Appendix of this book. 
The reagents are listed there in alphabetical order, with notes on their stability. 

Most reagents are poisonous to some extent, and should therefore be handled 

with care. Those reagents which are exceptionally poisonous or hazardous 

must be specially labelled and must be used with utmost care. In the list of 
reactions these reagents will be marked as (POISON) or (HAZARD). One 

should not use these reagents when working alone in a laboratory; the super- 

visor or a colleague should always be notified before using them. 


The concentration of reagents is in most cases chosen to be molar, meaning 
that it is easy to calculate the relative volumes of the reactant and the reagent 
needed to complete the reaction. It is not advisable to add the calculated amount 
of reagent at once to the solution (cf. Chapter II), but the final amount should 
be equal or more than the equivalent. In some cases it is impossible or impracti- 
cal to prepare a M reagent; thus 0-5 or even 0-1M reagents have to be used some- 
times. It is easy to predict the volume of a particular reagent needed to complete 
the reaction from the concentrations. Acids and bases are applied mostly in 
2m concentrations in order to avoid unnecessary dilution of the mixture. 

Taking notes when studying these reactions is absolutely necessary. A logical, 
clear way of making notesis essential. Although it would be wrong to copy the text 
of this book, it is important to note (a) the reagent, and any special experimental 
circumstances applied when performing the test, (b) the changes observed, and (c) 
the equation of the reaction or some other explanation of what had happened. A 


f making notes is the following. The left page of an open notebook is 
ae: ie two cau sections by a vertical line. The left column can be headed 
‘TEST’ and should contain a brief description of the test itself, including the 
reagent and experimental circumstances. Thesecond column (still on the left-hand 
page), headed ‘OBSERVATION’ should contain the visible change which occur- 
red when carrying out the test. Finally, the entire right-hand page should be 
reserved for ‘EXPLANATION, where the reaction equation can be entered. A 
typical page of a notebook containing some of the reactions of lead(II) ions is 
shown on Table III. 1. It is also advisable to summarize reactions within one group 
in the form of tables, as shown on Table II.2 for the first group of cations. 

The column ‘TEST’ should be made up before making the actual experiments. 
The ‘OBSERVATION’ column should be filled when actually making the experi- 
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ments, while the ‘EXPLANATION’ page should be made up after leaving the 
laboratory. Finally, the reaction tables should be made up when the reactions of 
the particular group have been studied and explained. This systematic way of study 
enables us to devote precious laboratory time entirely to experiments, and, by 
dealing with one particular reaction altogether four times, helps to learn the 
subject. 


II.3 FIRST GROUP OF CATIONS: LEAD(D, MERCURY(I), AND 
SILVER(I) 

Group reagent: dilute (2m) hydrochloric acid. 

Group reaction: white precipitate of lead chloride PbCl,, mercury(I) 
chloride Hg,Cl,, and silver chloride AgCI. 


Cations of the first group form insoluble chlorides. Lead chloride, however, 
is slightly soluble in water and therefore lead is never completely precipitated 
when adding dilute hydrochloric acid to a sample; the rest of the lead ions are 
quantitatively precipitated with hydrogen sulphide in acidic medium together 
with the cations of the second group. 

Nitrates of these cations are very soluble. Among sulphates lead sulphate is 
practically insoluble, while silver sulphate dissolves to a much greater extent. 
The solubility of mercury(I) sulphate lies in between. Bromides and iodides are 


Table III.1 One page of a laboratory notebook 


Test Observation Explanation 


Group 1 Pb?* 
1. HCI white ppt. Pb?* +2C17 + PbCI,| 


+NH, no change no ammine complexes (but Pb(OH), 1) 
+ hot water dissolves 33:4 g PbCl, dissolves per litre at 100°C 
2. H,S(+HCl) biack ppt. Pb?* +H,S —> PbS|+2H* 
+conc.HNO, white ppt. 3PbS| +8HNO, — 3Pb?* +2NOT+4H,O +38] + 
+ boiling white ppt. (different) S|+2HNO, > SO3> +2H* +2NOT 
Pb?* +SO3> + PbSO,| 
3. NH, white ppt. Pb?* +2NH, +2H,0 — Pb(OH),| +2NHi 
+ excess no change Pb?* does not form ammine complexes 
4. NaOH white ppt. Pb?* +20H~ — Pb(OH),| 
+ excess dissolves Pb(OH), | +20H™ = [Pb(OH),]?*~ 
Pb(OH),: amphoteric 
5. KI 


yellow ppt. Pb?* +217 — Pbl,} 
+excess no change no iodo complexes 


also 5 insoluble, though 
Precipitates dissolve quite easil 


er acetate might be precipitated from more con- 
Hydroxides and carbonates are precipitated with an 


the reagent, an excess however mi i i 
t ; 4 S er might act in various ways. 
There are differences in their behaviour towards ammonia as well. 


II.4 LEAD, Pb (4,; 207:19) Lead is a bluish-grey metal with a high density 
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Table III.2 Tabulating reactions of Group I cations 


Pb?* Hg3* Ag* 

HCl white PbCl,! white Hg,Cl,] white AgCI} 
+NH; no change black Hg! + HgNH,Cl] dissolves 
+hot water dissolves no change [Ag(NH,)2]* 

no change 

HS(+ HCI) black PbS} black Hg| + HgS} black Ag,S| 
+ccHNO,, boiling white PbSO,| white Hg,(NO,).S! dissolves Ag* 

NH,,smallamounts white Pb(OH),| black brown Ag,O] 
+ excess no change Hg! +HgO.HgNH,NO,;! dissolves 

no change [Ag&(NH;):]* 
NaOH, small amounts white Pb(OH);} black, Hg,O! brown, Ag,O} 
+ excess dissolves no change no change 
[Pb(OH),]?~ 

KI, small amounts yellow Pbl,] green Hg,1I,] yellow Agl| 
+ excess no change grey Hg} +[Hgl,]?~ no change 

KCrO, yellow PbCrO,| red Hg,CrO,| red Ag,CrO,| 
+NH, no change black Hg] +HgNH,NO,! dissolves 

[Ag(NH,)2]* 

KCN, smallamounts white Pb(CN),! black Hg] + Hg(CN), white AgCN] 

+excess no change no change dissolves 
[Ag(CN)2]~ 

NaCO, white PbO. PbCO,} yellowish-white yellowish-white 
+ boiling no change Hg,CO,} Ag,CO,] 

black Hg! + HgO} brown Ag,O] 

Na,HPO, white Pb,(PO,)>1 white Hg,HPO,| yellow Ag,PO,] 

Specific reaction K,CrO, Diphenyl carbazide p-dimethylamino- 

yellow PbCrO, | violet colour benzylidene- 
rhodanine 
(+HNO)) 


violet colour 


(11-48 g mi~! at room temperature). It readily dissolves in medium concen- 
trated nitric acid (8M), and nitrogen oxide is formed also: 


3Pb+8HNO, > 3Pb?* +6NO; +2NOT+4H20 
The colourless nitrogen oxide gas, when mixed with air, is oxidized to red 
nitrogen dioxide: 

2NO} (colourless) +021 > 2NO,1(red) 


tive film of lead nitrate is formed on the 
her dissolution. Dilute hydrochloric or 
mation of insoluble lead chloride 


With concentrated nitric acid a protec 
surface of the metal and prevents furt 
sulphuric acid have little effect owing to the for 


or sulphate on the surface. 


Reactions of lead(II) ions A solution of lead nitrate (0°25m) or lead acetate 
(0-25m) can be used for the study of these reactions. 
1. Dilute hydrochloric acid (or soluble chlorides): a white precipitate in cold 
and not too dilute solution: 
Pb?* +2C17 æ PbCly! 
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The precipitate is soluble in hot water (33-4 g £=! at 100°C while only 
9:9 g&~* at 20°C), but separates again in long, needle-like crystals when 
cooling. It is also soluble in concentrated hydrochloric acid or concentrated 
potassium chloride when the tetrachloroplumbate(II) ion is formed: 


PbCl,| +2Cl- > [PbCl,]2- 


If the precipitate is washed by decantation and dilute ammonia is added, no 
visible change occurs [difference from mercury(I) or silver ions], though a 
precipitate-exchange reaction takes place and lead hydroxide is formed: 


PbCl,| +2NH,+2H,0 — Pb(OH),| +2NHi +2Cl- 


2. Hydrogen sulphide in neutral or dilute acid medium: black precipitate of 
lead sulphide: 


Pb?* +H,S > PbS|+2H* 


Precipitation is incomplete if strong mineral acids are present in more than 
2M concentration. Because hydrogen ions are formed in the above reaction, it is 
advisable to buffer the mixture with sodium acetate. 

Introducing hydrogen sulphide gas into a mixture which contains white lead 


chloride precipitate, the latter is converted into (black) lead sulphide in a 
precipitate-exchange reaction: 


PbCl,| +H,S > PbS|+2H* +2CI- 


If the test is carried out in the 
[potassium chloride 
chloride is formed wh 


presence of larger amounts of chloride 
(saturated)], initially a red precipitate of lead sulpho- 
en introducing hydrogen sulphide gas: 

2Pb?* +H,S+2Cl- > Pb,SCl,|+2H* 


This however decomposes on dilution (a) or on further addition of hydrogen 
sulphide (b) and black lead sulphide precipitate is formed: 


Pb,SCI,| > PbS|+PbCI,| 
Pb,SCl, +H,S > 2PbS| +2C17 +2H+ 
Lead sulphide precipitate decomposes when concentrated nitric acid is added, 
and white, finely divided elementary sulphur is precipitated: 
3PbS | + 8HNO, — 3Pb?2* + 6NO; +3S|+2NOt +4H,O 


If the mixture is boiled, sulphur is oxidized by nitric acid to sulphate (c). 
which immediately fo 


\ rms white lead sulphat ipi i į ions 
en ulphate precipitate (d) with the lead ions 


(a) 
(b) 


S| +2HNO;, > S02- +2H+ +2NOt (c) 
Pb** +SO2- 4 PbSO,| (d) 


Boiling lead sul 


hide with hyd i 
turns white Swane p 1 ydrogen peroxide (3 


to the formation of lead sulphate: 
PbS! +4H,0, > PbSO,| +4H,0 

The great insolubility of lead sulphide j 4 Ds 

ility phide in water (4-9 x 10-11 g ¢~!) explains 

why hydrogen sulphide is such a Sensitive reagent for the detection of lead, and 


%), the black precipitate 
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why it can be detected in the filtrate from the separation of the sparingly soluble 
lead chloride in dilute hydrochloric acid. 


Note: Hydrogen sulphide is a highly poisonous gas, and all operations with 
the gas must be conducted in the fume cupboard. Every precaution must be 
observed to prevent the escape of hydrogen sulphide into the air of the laboratory. 


3. Ammonia solution: white precipitate of lead hydroxide 
Pb?* +2NH,+2H,0 > Pb(OH),| +2NHi 


The precipitate is insoluble in excess reagent. 


4. Sodium hydroxide: white precipitate of lead hydroxide 
Pb** +20H- > Pb(OH),! 
The precipitate dissolves in excess reagent, when tetrahydroxoplumbate(II) 
ions are formed: 
Pb(OH),| +20H~ > [Pb(OH),]?~ 


Thus, lead hydroxide has an amphoteric character. 
Hydrogen peroxide (a) or ammonium peroxodisulphate (b), when added to 
a solution of tetrahydroxoplumbate(II), forms a black precipitate of lead dioxide 
by oxidizing bivalent lead to the tetravalent state: 
[Pb(OH),]?~ +H,0, > PbO,|+2H,0+20H™ (a) 


[Pb(OH),]?~ +$,037 > PbO,| +2H,O +2804- (b) 


5. Dilute sulphuric acid (or soluble sulphates) : white precipitate of lead sulphate: 


Pb?* +SO2> > PbSO,| 


The precipitate is insoluble in excess reagent. Hot, concentrated sulphuric acid 
dissolves the precipitate owing to formation of lead hydrogen sulphate: 


PbSO,| + H2SO, > Pb?* +2HSO;z 
er in the presence of ethanol. 
tate is soluble in more concentrated solutions of 


(a) or ammonium tartrate (6M) (b) in the presence of 
te(II) and ditartratoplumbate(II) ions are 


Solubility is much lowe 
Lead sulphate precip! 
ammonium acetate (10M) 
ammonia, when tetraacetoplumba 


formed: x7 
PbSO,| +4CH;COO™ > [Pb(CH;COO),]?~ +SOz (a) 
PbSO,| +2CsHs027 > [Pb(C4H406)2]* + S03" (b) 


The stabilities of these complexes are not very great, chromate ions, for 


ipi i ir solution 
exa; n precipitate lead chromate from their so ? : 
ae boiled vith sodium carbonate the lead sulphate is transformed into 


lead carbonate in a precipitate-exchange reaction: 
PbSO,| +CO3” > PbCO3] + soz” 
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By washing the precipitate by decantation with hot water, sulphate ions can 
be removed and the precipitate will dissolve in dilute nitric acid 


PbCO3|+2H* > Pb?* +H,0+CO,T 


6. Potassium chromate in neutral, acetic acid or ammonia solution: yellow 
precipitate of lead chromate 


Pb?* +CrO3> > PbCrO,| 

Nitric acid (a) or sodium hydroxide (b) dissolve the precipitate: 
2PbCrO,| +2H* 2 2Pb?* + Cr,02- +H,O (a) 
PbCrO,|+4OH~ = [Pb(OH),]?~ +CrO2- (b) 


Both reactions are reversible; by buffering the solution with ammonia or 
acetic acid respectively, lead chromate precipitates again. 


7. Potassium iodide: yellow precipitate of lead iodide 
Pb?* +217 > PbI,| 
The precipitate is moderately soluble in boiling water to yield a colourless 
solution, from which it separates on cooling in golden yellow plates. 


An excess of a more concentrated (6M) solution of the reagent dissolves the 
precipitate and tetraiodoplumbate(II) ions are formed: 


Pbl,| +217 = [PbI,]?- 
The reaction is reversible; on diluting with water the precipitate reappears. 


8. Sodium sulphite in neutral solution: white precipitate of lead sulphite 
Pb?* + S037 > PbSO,| 
The precipitate is less soluble than lead sulphate, though it can be dissolved 
by both dilute nitric acid (a) and sodium hydroxide (b). 
PbSO;|+2H* > Pb?+ + H,0+S0,} 


(a) 

PbSO,|+40H™- > [Pb(OH),]?~ +S03- (b) 

9. Sodium carbonate: white precipitate of a mixture of lead carbonate and lead 
hydroxide 


2Pb** +2CO3" +H,O > Pb(OH),| + PbCO, | +CO,t 


On boiling no visible change takes place [difference from mercury(I) and 
silver(I) ions]. The precipita 


> pr te dissolves in dilute nitric acid and even in acetic 
acid and CO, gas is liberated: 


Pb(OR),| + PbCO] +4H* > 2Pb?* +3H,0+CO,? 


10. Disodium hydrogen phosphate: white precipitate of lead phosphate 
3Pb?* +2HPO2- = Pb,(PO,4)2| +2H+* 


The reaction is reversible; stron: 


F ; g acids (nitri i i ipitate. 
The precipitate is also soluble in sodium EAD dissolve the precipitate. 
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11. Potassium cyanide (POISON): white precipitate of lead cyanide 
Pb?2* +2CN~ > Pb(CN)2! 


which is insoluble in the excess of the reagent. This reaction can be used to 
distinguish lead(II) ions from mercury(I) and silver(1). which react in different 


ways. 


12. Tetramethyldiamino-diphenylmethane (or ‘tetrabase’) (0:5 %) 


drol: —CH, > —CH(OH)} is formed under the 


a blue oxidation product {hy 


conditions given below. 
Place | ml test solution in a 5 ml centrifuge tube, add 1 ml 2m potassium 


hydroxide and 0:5-1 ml 3 per cent hydrogen peroxide solution. Allow to stand 
for 5 minutes. Separate the precipitate by centrifugation, and wash once with 
cold water. Add 2 ml reagent, shake and centrifuge. The supernatant liquid is 
coloured blue. 

The ions of bismuth, cerium, 
similar reaction: iron and large qui 


manganese, thallium, cobalt, and nickel give a 
antities of copper interfere. 


Concentration limit: 1 in 10,000. 


13. Gallocyanine (1%) 


COOH 


N 
ek 
(0) (0) N(CH,)>- HCI 
OH 


deep-violet precipitate of unknown composition. The test is applicable to 


finely divided lead sulphate precipitated on filter paper. 
Place a drop of the test solution upon drop-reaction paper, followed by a 


drop each of | per cent aqueous pyridine and the gallocyanine reagent (blue). 

Remove the excess of the reagent by placing several filter papers beneath the 

drop-reaction paper and adding drops of the pyridine solution to the spot until 

the wash liquid percolating through is colourless: move the filter papers to a 

fresh position after each addition of pyridine. A deep violet spot is produced. 
Sensitivity: 1-6 Hg Pb. Concentration limit: 1 in 50,000. 

In the presence of silver, bismuth, cadmium, or copper. proceed as follows. 
Transfer a drop of the test solution to a drop-reaction paper and add a drop of 
M sulphuric acid to fix the lead as lead sulphate. Remove the soluble sulphates 
of the other metals by washing with about 3 drops of M sulphuric acid, followed 
by a little 96 per cent ethanol. Dry the paper on a water bath. and then apply 


the test as detailed above. 
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14. Diphenylthiocarbazone (or Dithizone) (0.005%) 


NH.NHC,H, 


N=NC,Hs 


brick-red complex salt in neutral, ammoniacal, alkaline, or alkalicyanide 
solution. 

Place 1 ml of the neutral or faintly alkaline solution in a micro test-tube, 
introduce a few small crystals of potassium cyanide, and then 2 drops of the 
reagent. Shake for 30 seconds. The green colour of the reagent changes to red. 

Sensitivity: 0-1 ug Pb (in neutral solution). Concentration limit: 1 in 
1,250,000. 

Heavy metals (silver, mercury, copper, cadmium, antimony, nickel, and 
zinc, etc.) interfere, but this effect may be eliminated by conducting the reaction 
in the presence of much alkali cyanide: excess of alkali hydroxide is also required 
for zinc. The reaction is extremely sensitive, but it is not very selective. 


The reagent is prepared by dissolving 2-5 mg dithizone in 100 ml carbon 
tetrachloride or chloroform. It does not keep well. 


15. Dry tests a. Blowpipe test. When a lead salt is heated with alkali carbonate 
upon charcoal, a malleable bead of lead, (which is soft and will mark paper), 
surrounded with a yellow incrustation of lead monoxide is obtained. 


b. Flame test. Pale blue (inconclusive). 


II.5 MERCURY, Hg (4,: 200-59) — 
white, liquid metal at ordinary temperat 
at 25°C. It is unaffected when treated 
acid (2m), but reacts readily with nitric 
nitric acid with an excess of mercury yi 


MERCURY(I) Mercury is a silver- 
ures and has a density of 13-534 g ml7! 
with hydrochloric or dilute sulphuric 
acid. Cold, medium concentrated (8M) 
elds mercury(I) ions: 


6Hg+8HNO, > 3Hg3* +2NOT+6NO; +4H,O 
with an excess of hot concentrated nitric acid mercury( 
3Hg+8HNO, — 3Hg?+ +2NOT +6NO; +4H,O 


Hot, concentrated sul 
mercury(I) ion if mercu 


Il) ions are formed: 


Phuric acid dissolves mercury as well. The product is 
ry is in excess 


2Hg+2H,SO, > Hg3* +S03- +S0,1+2H,0 


while if the acid is in excess, mercury(II) ions are formed: 


Hg+ 2H,SO, > Hg?* +8027 + $O,1+2H,0 
The two ions, mercur 


cation group; their r 


eactions will 
other members of that group. 
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Reactions of mercury(I) ions A solution of mercury(I) nitrate (0:05M) can be 
used for the study of these reactions. 
1. Dilute hydrochloric acid or soluble chlorides: white precipitate of mercury(I) 
chloride (calomel) 
Hg?*+2Cl” > Hg,Cl,| 
The precipitate is insoluble in dilute acids. 
Ammonia solution converts the precipitate into a mixture of mercury(I) 
amidochloride and mercury metal, both insoluble precipitates: 
Hg,Cl, +2NH, > Hg|+Hg(NH,)Cl| +NHj +Cl- 
the reaction involves disproportionation, mercury(I) is converted partly to 
mercury(II) and partly to mercury metal. This reaction can be used to differen- 
tiate mercury(I) ions from lead(II) and silver(I). A 
The mercury(I) amidochloride is a white precipitate, but the finely divided 
mercury makes it shiny black. The name calomel, coming from Greek (xaov 
pdac = nice black) refers to this characteristic of the originally white mercury(I) 
chloride precipitate. 
Mercury(I) chloride dissolves in aqua regia, forming undissociated but 
soluble mercury(II) chloride: 
3Hg,Cl,| + 2HNO, + 6HCI > 6HgCl, +2NOT + 4H,0 
2. Hydrogen sulphide in neutral or dilute acid medium: black precipitate, which 
is a mixture of mercury(II) sulphide and mercury metal 
Hgż* +H,S > Hg] +HgS| +2H* 
Owing to the extremely low solubility product of mercury(II) sulphide the 


reaction is very sensitive. t 
Sodium sulphide (colourless) dissolves the mercury(II) sulphide (but leaves 


mercury metal) and a disulphomercurate(II) complex is formed: 
HgS+S?~ > [Hgs] 
12HCI+4HNO, + 3Hg| +3HgS| = 6HgCl, + 3S|+4NO7+8H,O 
After removing the mercury metal by filtration, black mercury(I) sulphide 
can again be precipitated by acidification with dilute mineral acids: 
[HgS.]?~ + 2H* > HgS|+H,ST 
Sodium disulphide (yellow) dissolves both mercury and mercury(II) sulphide: 
HgS|+Hg!+ 3S2- — 2[HgS2]?~ + Sa 
Aqua regia dissolves the precipitate, yielding undissociated mercury(II) 


chloride and sulphur: t 
When heated with aqua regia, sulphur is oxidized to sulphuric acid and the 


solution becomes clear: 

S| +6HCI+2HNO, > SOZ +6Cl" + 8H* + 2NOTt 
ate which is a mixture of mercury metal 
(which itself is a white precipitate) 


NH, 


3, Ammonia solution: black precipit 
and basic mercury(I) amidonitrate, 


2Hg3* +NO3 +4NH;+H,0 > HgO.Hg }+2Hg)+3NHz 


NO, 
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This reaction can be used to differentiate between mercury(I) and mercury(I!) 
ions. 

4. Sodium hydroxide: black precipitate of mercury(I) oxide 

Hg3*+20H- > Hg,0|+H,0 


The precipitate is insoluble in excess reagent, but dissolves readily in dilute 
nitric acid. 

When boiling, the colour of the 
Proportionation, when mercury(II) o; 


HgO} > HgO| + Hgy 


precipitate turns to grey, owing to dis- 
xide and mercury metal are formed: 


5. Potassium chrom 


ate in hot solution: red crystalline precipitate of mercury(I) 
chromate 


Hg3* +Cro2- 5 Hg,CrO,| 


If the test is carried out in cold, a brown amorphous precipitate is formed 
with an undefined composition. When heated the precipitate turns to red, 
crystalline mercury(I) chromate. 


Sodium hydroxide turns the precipitate into black mercury(I) oxide: 
Hg,CrO,]+20H- > HgO] + CrOj- +H,0 


6. Potassium iodide, added slowly in cold solution: green precipitate of mercury(I) 
iodide 


Hest holes Hg,I,] 


If excess reagent is added, a disproportionation reaction takes place, soluble 
tetraiodomercurate(II) i 


ions and a black Precipitate of finely divided mercury 
being formed: 
Hg,1,1+2I- = [Hgl,]?- + He} 
When boiling the mercury(I) iodide precipit. 
again takes place, and a 


gain mixture of red mercu 
distributed black mercury is formed: 


Hg,I,| > Hgl, | + Hg] 


ate with water, disproportionation 
Ty(II) iodide precipitate and finely 


7. Sodium carbonate in cold Solution: 


yellow precipitate of mercury(I) carbonate: 
Hgi* +CO}-  He,co,| 


Hg,CO,| > HgO] + Hg! +Co,4 
The decomposition can be speeded up by heating the mixture, 
8. Disodium 


hydrogen Phosphate: 
Phosphate: 


white precipitate of mercury(I) hydrogen 
Hg* + HPO- _, Hg, HPO, | 
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9. Potassium cyanide (POISON) produces mercury(II) cyanide solution and 
mercury precipitate: 

Hg3*+2CN” > Hg|+Hg(CN), 
Mercury(II) cyanide, though soluble, is practically undissociated. 


10. Tin(II) chloride reduces mercury(I) ions to mercury metal, which appears 
in the form of a greyish-black precipitate: 
Hg?*+Sn?* > 2Hg|+Sn** 


Mercury(II) ions react in a similar way. 


11. Potassium nitrite reduces mercury metal from a solution of mercury(I) ions 
in cold, in the form of a greyish-b!ack precipitate: 
Hg3* +NO; +H,0 > 2Hg|+NO; +2H* 


Under similar circumstances mercury(II) ions do not react. The spot test 
technique is as follows. Place a drop of the faintly acid test solution upon drop- 
reaction paper and add a drop of 50 per cent potassium nitrite solution. A black 
(or dark grey) spot is produced. The test is highly selective. Coloured ions yield ` 
a brown colouration which may be washed away, leaving the black spot. 


12. Glossy copper sheet or copper coin If « drop of mercury(I) nitrate is placed 
on a glossy copper surface, a deposit of mercury metal is formed: 
Cu+Hg?* > Cu?* +2Hg| 


Rinsing, drying, and rubbing the surface with a dry cloth, a glittery, silverish 
spot is obtained. Heating the spot in a Bunsen-flame, mercury evaporates and 
the red copper surface becomes visible again. Mercury(II) solutions react in a 


similar way. 


13. Aluminium sheet If a drop of mercury(I) nitrate is placed on a clean alu- 
minium surface, aluminium amalgam is formed and aluminium ions pass into 


solution: 
3Hg3?* +2Al > 2Al3* +6Hg} 


The aluminium which is dissolved in the amalgam is oxidized rapidly by the 
oxygen of the air and a voluminous precipitate of aluminium hydroxide is 
formed. The remaining mercury amalgamates a further batch of aluminium, 
which again is oxidized, thus considerable amounts of aluminium get corroded. 


14 Diphenylcarbazide (1 % in alcohol) 
NH—NH—C,H, 
C=0 
A 
NH—NH—C,H,; 


forms a violet-coloured compound with mercury(I) or mercury(II) ions, the 
composition of which is not quite understood. In the presence of 0:2M nitric 
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acid the test is selective for mercury. Under these circumstances the sensitivity 
is 1 pg Hg3* or Hg?* with a concentration limit of 1 in 5 x 104. 

Drop test: Impregnate a piece of filter paper with the freshly prepared 
reagent. Add 1 drop 0-4 nitric acid, and on top of the latter one drop of the 
test solution. In the presence of mercury a violet colour is observable. The test 
is most sensitive if the filter paper is left to dry at room temperature. 


15. Dry test All compounds of mercury when heated with a large excess (7-8 
times the bulk) of anhydrous sodium carbonate in a small dry test-tube yield a 
grey mirror, consisting of fine drops of mercury, in the upper part of the tube. The 
globules coalesce when they are rubbed with a glass rod. 


Note: Mercury vapour is extremely poisonous, and not more than 0:1 gram 
of the substance should be used in the test. 


II.6 SILVER, Ag (4,: 107-868) Silver is a white, malleable, and ductile 
metal. It has a high density (10:5 g ml~") and melts at 960:5°C. It is insoluble in 
hydrochloric, dilute sulphuric (M) or dilute nitric (2M) acid. In more concen- 
trated nitric acid (8M) (a) or in hot, concentrated sulphuric acid (b) it dissolves: 


6Ag+8HNO, > 6Ag* +2NOf +6NO; +4H,0 (a) 
2Ag+2H,SO, > 2Ag* +SO3- +O, +2H,0 (b) 


Silver forms a monovalent ion in solution, which is colourless. Silver(II) com- 
pounds are unstable, but play an important role in silver-catalysed oxidation- 
reduction processes. Silver nitrate is readily soluble in water, silver acetate. 
nitrite and sulphate are less soluble, while all the other silver compounds are 
practically insoluble. Silver complexes are however soluble. Silver halides are 
sensitive to light; these characteristics are widely utilized in photography. 
Reactions of silver(I 


) ions A solution of silver nitrate (0:Im) can be used to 
study these reactions. 


1. Dilute hydrochloric acid (or soluble chlorides): white precipitate of silver 
chloride 


Ag’ +Cl” + AgCl} 
With concentrated hydrochloric acid Precipitation does not occur. Decanting 


the liquid from over the precipitate, it dissolves in concentrated hydrochloric 
acid, when a dichloroargentate complex is formed: 


AgCI} +CI- = [Agcl,]- 
By diluting with water, the equilibrium shifts back 


to the left and the precipitate 
reappears. 
Dilute ammonia solution dissolves the precipitate when diammineargentate 
complex ion is formed: 


AgCI} + 2NH, = [Ag(NH,),]* +C1- 
Dilute nitric acid or hydrochloric acid n 


a eutralizes the excess ammonia, and 
the precipitate reappears because the equilibrium is shifted back towards the 
left. 
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Potassium cyanide (POISON) dissolves the precipitate with formation of 
the dicyanoargentate complex: 
AgCI} +2CN~ > [Ag(CN).]> +C- 
The safest way to study this reaction is as follows: decant the liquid from the 
precipitate, and wash it 2-3 times with water by decantation. Then apply the 


reagent. 
Sodium thiosulphate dissolves the precipitate with the formation of dithio- 


sulphatoargentate complex : 
AgCI} +28,03° > [Ag(S203)2]}°~ +Cl™ 
This reaction takes place when fixing photographic negatives or positive prints 


after development. 
Sunlight or ultraviolet irradiation decomposes the silver chloride precipitate, 


which turns to greyish or black owing to the formation of silver metal: 


Aci OY), 2Ag) +Cht 


The reaction is slow and the actual reaction mechanism is very complicated. 
Other silver halides show similar behaviour. Photography is based on these 
reactions. In the camera these processes are only initiated; the photographic 
material has to be ‘developed’ to complete the reaction. Greyish or black silver 
particles appear on places irradiated by light; a ‘negative’ image of the object 
is therefore obtained. The excess of silver halide has to be removed (to make 
the developed negative insensitive to light) by fixation. 


2. Hydrogen sulphide (gas or saturated aqueous solution) in neutral or acidic 
medium: black precipitate of silver sulphide 
2Ag* +H,S > AgS} +2H* 
Hot concentrated nitric acid decomposes the silver sulphide, and sulphur 
remains in the form of a white precipitate: 
3Ag,S|+8HNO, > S| +2NOT+ 6Ag* +6NO; +4H,0 
If the mixture is heated with concentrated nitric acid for a considerable time. 
sulphur is oxidized to sulphate and the precipitate disappears: 
S|+2HNO, > S027 +2NO1+2H* 


The precipitate is insoluble in ammonium sulphide, ammonium polysulphide, 
ammonia, potassium cyanide, or sodium thiosulphate. Silver sulphide can be 
precipitated from solutions containing diammine-, dicyanato- or dithiosulphato- 
argentate complexes with hydrogen sulphide. 


3. Ammonia solution: brown precipitate of silver oxide 
2Ag* +2NH3+ H,O > Ag,0|+ 2NHi 


therefore precipitation is incomplete 
esent in the original solution or the 
) The precipitate dissolves in 


The reaction reaches an equilibrium and 
at any stage. (If ammonium nitrate Is pr 
solution is strongly acidic no precipitation occurs. 
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excess of the reagent, and diammineargentate complex ions are formed: 
Ag,O|+4NH;+H,0 > 2[Ag(NH;),]* +20H~ 


The solution should be disposed of quickly, because when set aside silver 
nitride Ag,N precipitate is formed, which explodes readily even in a wet form. 


4. Sodium hydroxide: brown precipitate of silver oxide: 
2Ag*+20H > Ag,O|+H,0 


A well-washed suspension of the precipitate shows a slight alkaline reaction 
owing to the hydrolysis equilibrium 


Ag,O|+H,0 = 2Ag(OH),| 2 2Ag* +20H- 
The precipitate is insoluble in excess reagent. 
The precipitate dissolves in ammonia solution (a) and in nitric acid (b): 
4Ag,0|+4NH;+H,0 > 2[Ag(NH;))]* +20H- (a) 
Ag,0O|+2H* > 2Agt+H,0 (b) 


5. Potassium iodide: yellow precipitate of silver iodide 
Ag* +I” > AgI} 
The precipitate is insoluble in dilute or 
readily in potassium cyanide (POISON) 
Agl+2CN7 > [Ag(CN),]~ +1- 
Agl+2S,03- — [Ag(S.03).]3> +1- 


concentrated ammonia, but dissolves 
(a) and in sodium thiosulphate(b): 


(a) 
(b) 


6. Potassium chromate in neutral solution: red precipitate of silver chromate 
2Ag*+CrO2- | Ag,CrO,| 


Spot test: place a drop of the test solution on a watch glass or on a spot 
Plate, add a drop of ammonium carbonate solution and stir (this renders any 
mercury(I) or lead ions unreactive by precipitation as the highly insoluble 
clear liquid and place it on drop-reaction 
tassium chromate reagent. A red ring of 


a microscopic test when a piece of potassium 
Pped into the test solution. The formation of 
ver chromate can be observed distinctly. 


n dilute nitric acid (a) and in ammonia solution (b): 


The rea 
chromate crystal has to be dro 
needle-like red crystals of sil 
The precipitate is soluble i 


2AB2CIO41 +2H* = 4Ag* + Cr,02- 44,0 (a) 
Ae:CtO41 +4NH, = 2[Ag(NH,),]* +CrO?- (b) 
The acidified i A 
ear ech turns to orange because of the formation of dichromate 


7. Potassium cyanide (POISON) when added dropwise to a neutral solution 
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of silver nitrate: white precipitate of silver cyanide: 
Ag*+CN > AgCN{ 
When potassium cyanide is added in excess, the precipitate disappears owing 
to the formation of dicyanoargentate ions: 


AgCN|+CN7:> [Ag(CN)2]~ 


8. Sodium carbonate: yellowish-white precipitate of silver carbonate: 
2Ag* +CO3~ > Ag,CO;] 


When heating, the precipitate decomposes and brown silver oxide precipitate 
is formed: 


Ag,CO3| > Ag,0|+CO,T 


Nitric acid and ammonia solution dissolve the precipitate. 


9. Disodium hydrogen phosphate in neutral solution: yellow precipitate of silver 
phosphate: 


3Ag* +HPO? > Ag;PO,|+H* 


Nitric acid and ammonia solution dissolve the precipitate. 


10. Hydrazine sulphate (saturated): when added to a solution of diammine- 
argentate ions, forms finely divided silver metal, while gaseous nitrogen is 


evolved. 


4[Ag(NH3)2]* +H,N—NH,.H,SO, > 
—> 4Ag|+N,1+6NHj +2NH, + S047 


If the vessel in which the reaction is carried out is clean, silver adheres to the 
glass walls forming an attractive mirror. 

Procedure: Fill two-thirds of a test-tube with chromosulphuric acid 
(concentrated), and set aside overnight. Next day empty the test-tube, rinse 
cautiously with running cold water, then with distilled water. Into this test-tube 
pour 2 ml silver nitrate (0: 1m) and 2 ml distilled water. Then add dilute ammonia 
(2m) dropwise, mixing the solution vigorously by shaking, until the last traces 
of the silver oxide precipitate disappear. Then add 2 ml saturated hydrazine 
sulphate solution and shake the mixture vigorously. The silver mirror forms 
within a few seconds. The solution should be discarded after the test (cf. 
reaction 3). The silver mirror can be removed most easily by dissolving it in 


nitric acid (8M). 


Jaminobenzylidene-rhodanine (in short: rhodanine reagent, 0:3% 


-Dimethy. f SIOE aM ; 
Hepes 7 ); reddish-violet precipitate in slightly acidic solutions: 


solution in acetone 
CH, AgN— ço CH, 


ine . 

+ sc C=CH N +H* 

BE fear N TAS scans, X 3 
s CH S 
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Mercury, copper, gold, platinum, and palladium salts form similar compounds 
and therefore interfere. 

Spot test: To 1 drop of the test solution add | drop nitric acid (2m), then 
1 drop of the reagent. A red-violet Precipitate or stain is formed if silver ions 


visible under the yellow solvent layer. 

In the presence of mercury, gold, platinum, or palladium first add | drop 
Potassium cyanide (10 %, HIGHLY POISONOUS) solution to the test solution 
then follow the procedure given above. 

To detect silver in a mixture of lead chloride, mercury(I) chloride, and silver 
chloride (Group I), the mixture is treated with 10 per cent potassium cyanide 
solution whereby mercury(II) cyanide, mercury, and dicyanoargentate 
[Ag(CN,]-are formed: after filtration (or centrifugation), a little of the c 
filtrate is treated on a spot plate with a drop of the reagent and 2 drops nitric 


acid (2m). A red colouration is formed in the presen 
solution, 


12. Dry test (blowpipe test) Whena silver salt is heated 
ch és A 


this is readily soluble in nitric acid. The soluti 


dilute hydrochloric acid, but not by very 
from lead). 


II.7 SECOND GROUP OF CATIONS: MERCURY(II), LEAD(II), 
BISMUTH(ID, COPPER(II), CADMIUM(II), ARSENIC(III) AND (V), 
ANTIMONY(III) AND (V), AND TIN (I) AND (IV) 


arsenic(V) sulphide As,S, (yellow), 


l J antimony(V) sulphide Sb,S (orange), 
tin(II) sulphide SnS (brown), and tin(IV) sulphide SnS, (yellow). tia? 


sulphide precipitates in ammonium polysulphide. While 

-group are insoluble in this Teagent, those of the 
e with the formaton of thiosalts. 

The copper sub-group 


p consists of mercury(II), lead(II), bismuth(III), 
copper(II), and cadmium(II). Although the bulk of lead(II) ions are precipitated 
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are quite soluble in water. The sulphides, hydroxides, and carbonates are 
insoluble. Some of the cations of the copper sub-group (mercury(II), copper(II), 
and cadmium(II)) tend to form complexes (ammonia, cyanide ions, etc.). 

The arsenic sub-group consists of the ions arsenic(III), arsenic(V), 
antimony(III), antimony(V), tin(II) and tin(IV). These ions have amphoteric 
character: their oxides form salts both with acids and bases. Thus, arsenic(III) 
oxide can be dissolved in hydrochloric acid, (6M) and arsenic(III) cations are 
formed: 


As,0;+6HCI > 2As?* +6Cl- +3H,0 


At the same time arsenic(III) oxide dissolves in sodium hydroxide (2m), when 
arsenite anions are formed: 


As,0,;+6OH™ > 2AsO3" +3H,0 


The dissolution of sulphides in ammonium polysulphide can be regarded as 
the formation of thiosalts from anhydrous thioacids. Thus the dissolution of 
arsenic(III) sulphide (anhydrous thioacid) in ammonium sulphide (anhydrous 
thiobase), yields the formation of: ammonium-and thio-arsenite ions (ammonium 


thioarsenite: a thiosalt): 
As,S3| +3827 > 2AsS3~ 
All the sulphides of the arsenic sub-group dissolve in (colourless) ammonium 


sulphide except tin(II) sulphide; to dissolve the latter, ammonium polysulphide 
is needed, which acts partly as an oxidizing agent, thiostannate ions being 


formed: 
SnS| +S3- > SnS}~ 
Note that while tin is bivalent in the tin(II) sulphide precipitate, it is tetravalent 


in the thiostannate ion. 
Arsenic(III), antimony(III), and tin(II) ions can be oxidized to arsenic(V), 


antimony(V), and tin(IV) ions respectively. On the other hand, the latter three 
can be reduced by proper reducing agents. The oxidation-reduction potentials 
of the arsenic(V)—arsenic(III) and antimony(V)-antimony(III) systems vary 
with pH, therefore the oxidation or reduction of the relevant ions can be assisted 


by choosing an appropriate DH for the reaction. 


II.8 MERCURY, Hg (4,: 200°59) - MERCURY(II) The most important 
physical and chemical properties of the metal were described in Section III.S. 


Reactions of mercury(II) ions The reactions of mercury(I) ions can be studied 
with a dilute solution of mercury(II) nitrate (0-05m). 


1. Hydrogen sulphide (gas or saturated aqueous solution): in the presence of 
dilute hydrochloric acid, initially a white precipitate of mercury(I!) 
chlorosulphide (a), which decomposes when further amounts of hydrogen 
sulphide are added and finally a black precipitate of mercury(II) sulphide is 


formed (b). 
3Hg?* +2017 +2H,S = Hg,S,Cl,| +4H* 
Hg,S,Cl,|+H.S > 3HgS| +2H* +2C17 


(a) 
(b) 
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Mercury(II) sulphide is one of the least soluble precipitates known 
(K, = 4x 10754), 


The precipitate is insoluble in water, hot dilute nitric acid, alkali hydroxides, 
or (colourless) ammonium sulphide. 


Sodium sulphide (2M) dissolves the precipitate when the disulphomercurate( II) 
complex ion is formed: 


HgS|+S?- > [HgS,]?- 


Adding ammonium chloride to the solution, mercury(I) sulphide precipitates 
again. 


Aqua regia dissolves the precipitate: 
3HgS|+6HCI +2HNO, > 3Hg¢Cl, +3S|+2NOf+4H,0 


Mercury(II) chloride is Practically undissociated under these circumstances, 


Sulphur remains as a white precipitate, which however dissolves readily if the 
solution is heated, to form sulphuric acid: 


2HNO, +S] > SO2- +2H+ + 2NOt 


2. Ammonia solution: white precipitate with a mixed composition; essentially 
it consists of mercury(II) oxide and mercury(II) amidonitrate: 
2Hg?* + NO; +4NH,;+H,0 > HgO. Hg(NH,)NO, | +3NHj} 


The salt, like most of the mercury 
pressure, 


compounds, sublimes at atmospheric 
3. Sodium hydroxide when added in small amounts: 
with varying composition; if added in stoichiometric 
turns to yellow when mercury(II) oxide is formed: 
Hg** +20H- _, Hg0|+H,0 
The precipitate is insoluble in excess Sodium hydroxide. Acids dissolve the 
Precipitate readily, 


[his reaction is characteristic for mercury(II) ions, and can be used to differ- 
entiate mercury(II) from mercury(I) 


brownish-red precipitate 
amounts the precipitate 


4. Potassium iodide 
mercury(I) iodide: 


Hg?* +215 Hgl,| 


The precipitate dissolves in exc i 
i ess reagent, when colourless tetraiodo- 
mercurate(II) ions are formed: 5 


when added slowly to the solution: red precipitate of 


Hel, +21- — [Hg] - 
An alkaline 


See anion of potassium tetraiodomercurate(I1) Serves as a selective 
; eagent for ammonium ions ; i g 
regen (Nessler’s reagent, cf. Section III.38, 
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6. Tin(II) chloride: when added in moderate amounts: white, silky precipitate 
of mercury(I) chloride (calomel): 
2Hg?* +Sn?* +2C17 > Hg,Cl,| +Sn4+ 
This reaction is widely used to remove the excess of tin(II) ions, used for prior 
reduction, in oxidation-reduction titrations. 
If more reagent is added, mercury(I) chloride is further reduced and black 
precipitate of mercury is formed: 


Hg,Cl,|+Sn?* > 2Hg|+Sn** +2C17 
7. Copper sheet or coin reduces mercury(II) ions to the metal: 


Cu+Hg?* > Cu?* +Hg] 
For practical hints for the test see Section III.5, reaction 12. 


8. Diphenylcarbazide reacts with mercury(I) ions in a similar way to mercury(I). 
For details see Section III.5, reaction 14. 


9. Cobalt(II) thiocyanate test To the test solution add an equal volume of the 
reagent (about 10%, freshly prepared), and stir the wall of the vessel 
with a glass rod. A deep-blue crystalline precipitate of cobalt tetrathiocyanato- 
mercurate(II) is formed: 

Hg?* + Co?* +4SCN- > Co[Hg(SCN),]] 

Drop test: Place a drop of the test solution on a spot plate, add a small 
crystal of ammonium thiocyanate followed by a little solid cobalt(II) acetate. 


A blue colour is produced in the presence of mercury(I!) ions. 
Sensitivity: 0-5 ug Hg?*. Concentration limit: 1 in 105. 


10. Dry test All mercury compounds, irrespective of their valency state, form 
mercury metal when heated with excess anhydrous sodium carbonate. For 
practical hints see Section III.5, reaction 15. 


II.9 BISMUTH, Bi (4,: 208-98) Bismuth is a brittle, crystalline, reddish- 
white metal. It melts at 271-5°C. It is insoluble in hydrochloric acid because of 
its standard potential (0:2V), but dissolves in oxidizing acids such as con- 
centrated nitric acid (a), aqua regia (b), or hot, concentrated sulphuric acid (c). 


2Bi+8HNO, > 2Bi?* + 6NO; +2NOT+4H,0 (a) 
Bi+3HCI+ HNO, > Bi?* +3Cl- + NOT +2H,0 (b) 
2Bi+6H,SO, > 2Bi** +3S02- +3S0,1+6H,O (c) 


Bismuth forms tervalent and pentavalent ions. Tervalent bismuth ion Bi3+ 
is the most common. The hydroxide, Bi(OH), is a weak base; bismuth salts 
therefore hydrolyse readily, when the following process occurs: 


Bi>* +H,0 æ BiO* +2H* 
The bismuthyl ion, BiO*, forms insoluble salts, lik bismuthyl chloride, BiOCl, 


with most ions. If we want to keep bismuth ions in solution, we must acidify the 
Solution, when the above equilibrium shifts towards the left. 
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Pentavalent bismuth forms the bismuthate BiO3 ion. Most of its salts are 
insoluble in water. 


Reactions of bismuth(III) ions These reactions can be studied with a 0-2M 
solution of bismuth(III) nitrate, which contains about 3-4 per cent nitric acid. 


1, Hydrogen sulphide (gas or saturated aqueous solution): black precipitate 
of bismuth sulphide: 


2Bi>* +3H,S > Bi S3} +6H+* 


The precipitate is insoluble in cold, dilute acid and in ammonium sulphide. 


Boiling concentrated hydrochloric acid dissolves the precipitate, when 
hydrogen sulphide gas is liberated. 


Bi,S;| +6HCI —> 2Bi?* + 6CI- +3H,SÌ 
2 


Hot dilute nitric acid dissolves bismuth sulphide, leaving behind sulphur in 
the form of a white precipitate: 


Bi,S;|+8H* +2NO; > 2Bi?* +3S|+2NOT+4H,O 


2. Ammonia solution: white basic salt of variable composition. The approximate 
chemical reaction is: 


Bi>* +NO; +2NH,+2H,0 > Bi(OH),NO,| +2NHj 


The precipitate is insoluble in excess reagent (distinction from copper or 
cadmium). 


3. Sodium hydroxide: white precipitate of bismuth(III) hydroxide: 
Bi?* +30H™ > Bi(OH),| 


The precipitate is very slightly soluble in excess reagent in cold solution, 2-3 mg 
bismuth dissolved per 100 ml sodium h 


bismı ydroxide (2M). The precipitate is soluble 
in acids: 
Bi(OH),|+3H* > Bi?*+3H,O0 
When boiled, the precipitate loses water and turns yellowish-white : 
Bi(OH)3| > BiO.OH| + H,O 


Both the hydrated and the dehydrated precipitate can be oxidized by 4-6 


drops of concentrated hydrogen peroxide when yellowish-brown bismuthate 
ions are formed: 5 


BiO.OH|+H,0, > BiO; +H* +H,0 

Mien iodide when added dropwise: black precipitate of bismuth(III) 
Bi?* +31- > Bil,| 

The precipitate dissolves 


readily in excess reagent, wh l d 
Í i } $ en orange-coloure 
tetraiodo-bismuthate ions are formed: 3 : 


BiLĻ+I- æ [Bil,]- 


When diluted with water, the above reaction is reversed and black bismuth 
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iodide is reprecipitated. Heating the precipitate with water, it turns orange, 
owing to the formation of bismuthyl iodide: 


Bil,|+H,O > BiOl| +2H* +217 


5. Sodium tetrahydroxostannate (II) (0-125M, freshly prepared): in cold 

solution reduces bismuth(III) ions to bismuth metal which separates in the 

form of a black precipitate. First the sodium hydroxide present in the reagent 

reacts with bismuth(III) ions (a) (cf. reaction 3), bismuth(III) hydroxide then is 

reduced by tetrahydroxostannate(II) ions when bismuth metal and hexa- 
hydroxostannate(IV) ions are formed (b): 

Bi?* +30H~ > Bi(OH);} (a) 

2Bi(OH); + 3[Sn(OH),]*- > 2Bil + 3[Sn(OH).]*~ (b) 

The reagent must be freshly prepared, and the test must be carried out in 


cold. 
Test by induced reaction: In the absence of bismuth(III) ions the reaction 


between tetrahydroxoplumbate(II) ions (cf. Section II.4, reaction 4) and 
tetrahydroxostannate(II) is slow: 

[Pb(OH),]?- +[Sn(OH),]? + Pb +[Sn(OH)s]? + 20H" 
With dilute solutions (using 0-25M lead nitrate and 0:125M sodium tetrahydroxo- 


stannate(II) reagent) the formation of the black precipitate of lead metal is not 
observable within an hour. In the presence of bismuth the reaction is accelerated ; 


at the same time bismuth is also precipitated: 
[Pb(OH),]? + [sn(OH),]?- 2 Pbl + [Sn(OH).]?~ + 20H 


2Bi(OH)3| + 3[Sn(OH), 27-2 2Bi) + 3[Sn(OH),]?~ 


Such reactions are called induced reactions (that is, bismuth induces the reduction 
of lead). They have to be distinguished from catalytic processes by the fact that 
the inductor is used up itself in the course of the reaction (and not regenerated, 
as in a catalytic process). Induced reactions are quite common among oxidation- 


reduction processes. j i 
Silver, copper, and mercury interfere with the reaction. Copper can be made 


inactive by the addition of some potassium cyanide. 


6. Water When a solution of a bismuth salt is poured into a large volume of 
water, a white precipitate of the corresponding basic salt is produced, which is 
soluble in dilute mineral acids, but is insoluble in tartaric acid (distinction from 
antimony) and in alkali hydroxides (distinction from tin). 


Bi?* + NO; +H,0 > BiO(NO;)| +2H* 
pitt +Cl +H,0 > BiO.CI}+2H* 


7. Pyrogallol ( 10%, freshly prepared) reagent, when added in slight excess to a 
hot, faintly acid solution of bismuth ions: yellow precipitate of bismuth 


pyrogallate: $ 
Bi? + +C,H,(OH); > Bi(C6H30;)13H 
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It is best to neutralize the test solution first by ammonia against litmus paper, 
then add some drops of dilute nitric acid, and then the reagent. The test is a very 
sensitive one. Antimony interferes and should be absent. 


8. Cinchonine-potassium iodide reagent (1%): orange-red colouration or 
precipitate in dilute acid solution. $ 
Test on filter paper : Moisten a piece of drop-reaction paper with the reagent 


and place a drop of the slightly acid test solution upon it. An orange-red spot 
is obtained. 


Sensitivity : 0-15 ug Bi. Concentration limit: 1 in 350,000. 
The test may also be carried out on a spot plate. 
Lead, copper, and mercury salts interfere because they react with the iodide. 
Nevertheless, bismuth may be detected in the presence of salts of these metals 


nesses of the rings will depend upon the relative concentrations 
metals, 


9. 8-Hydroxyquinoline (5%) and potassium iodide (6M) in acidic medium: 
red precipitate of 8-hydroxyquinoline-tetraiodobismuthate 


Bi?* +C,Hj,ON+H* +4I- CyH,ON.H Bil,| 


If other halide ions are absent, the reaction is characteristic for bismuth. 


10. Dry test (blowpipe test). Whena bismuth com 
with sodium carbonate in the blowpipe flame, a britt 
by a yellow incrustation of the oxide, is obtained. 


11.10 COPPER, Cu (Ar: 63-55) Copper is a light-red metal which is soft, 
malleable, and ductile. It melts at 1038°C. Because of its positive standard | 
electrode potential (+0:34 V for the Cu/Cu?* couple) it is insoluble in hydro- | 
i ough in the presence of oxygen | 
ium-concentrated nitric acid (8M) 


pound is heated on charcoal 
le bead of metal, surrounded 


3Cu +8HNO, > 3Cu2+ +6NO; +2NOî +4H,O 
Hot, concentrated sulphuric acid dissoly 
Cu+2H,SO, > Cu2+ +S03- 
Copper is readily dissolved in a 
3Cu+ 6HCI+2HNO, > 


There are two series ofc 
from the re 


es copper also: 
+SO,7+2H,0 

qua regia as well: 

3Cu?* + 6CI- + 2NOT+4H,0 


Opper compounds. Copper(1) compounds are derived 
d copper(I) oxide Cu,0 and contain the copper(I) ion Cu*. These 
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Cu?*. Copper(II) salts are generally blue both in solid, hydrated form and in 
dilute aqueous solution; the colour is characteristic really for the teatraquo- 
cuprate(II) ion [Cu(H,O),]?* only: The limit of visibility of the colour of the 
tetraquocuprate(II) complex (i.e. the coleur of copper(II) ions in aqueous 
solutions) is 500 ug in a concentration limit of 1 in 10*. Anhydrous copper(II) 
salts, like anhydrous copper(II) sulphate CuSO,, are white (or slightly yellow). 
In aqueous solutions we always have the tetraquo complex ion present; for the 
sake of simplicity they will be denoted in this text as the bare copper(II) ions 
Gui 

In practice only the copper(II) ions is important, therefore only the reactions 
of the copper(II) ion are described. 


Reactions of copper(II) ions These reactions can be studied with a 0:25m 
solution of copper(II) sulphate. 


1. Hydrogen sulphide (gas or saturated aqueous solution): black precipitate 
of copper(II) sulphide: 
Cu?* +H,S > CuS|+2H* 

K(CuS; 25°) = 107*#. Sensitivity: 1 pg Cu?*. Concentration limit: 1 in 
5x 10°. 

The solution must be acidic (M in hydrochloric acid) in order to obtain a 
crystalline, well-filterable precipitate. In the absence of acid, or in very slightly 
acid solutions a colloidal, brownish-black precipitate or colouration is obtained. 
By adding some acid and boiling coagulation can be achieved. 

The precipitate is insoluble in boiling dilute (M) sulphuric acid (distinction 
from cadmium), in sodium hydroxide, sodium sulphide, ammonium sulphide, 


and only very slightly soluble in polysulphides. 
Hot, concentrated nitric acid dissolves the copper(II) sulphide, leaving behind 


sulphur as a white precipitate: 
3CUS| +8HNO, > 3CU?* +6NO3+3S|+2NOf+4H,O 
When boiled for longer, sulphur is oxidized to sulphuric acid and a clear, blue 
solution is obtained: 
S|+2HNO, > 2H* + S04 +2NOT 
Potassium cyanide (POISON) dissolves the precipitate, when colourless 
tetracyanocuprate(I) ions and disulphide ions are formed: 
2CuS| +8CN~ > 2[Cu(CN),] +37 
Note that this is an oxidation-reduction process (copper is reduced, sulphur is 
oxidized) coupled with a formation of a complex. a 
When exposed to air, in the moist state, copper(II) sulphide tends to oxidize 
to copper(II) sulphate: 
CuS} +20, + CuSO, 
and therefore becomes water soluble. A considerable amount of heat is 
liberated during this process. A filter paper with copper(II) sulphide precipitate 
on it should never be thrown into a waste container, with paper or other 
inflammable substances in it, but the precipitate should be washed away first 
with running water. 
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-2. Ammonia solution when added sparingly: blue precipitate of a basic salt 
(basic copper sulphate): 


2Cu?* + S02" +2NH, +2H,0 > Cu(OH),.CuSO,| +2NH! 


which is soluble in excess reagent, when a deep blue colouration is obtained 
owing to the formation of tetramminocuprate(II) complex ions: 


Cu(OH),.CuSO,| + 8NH, > 2[Cu(NH,),]2* +S02- +20H~ 


If the solution contains ammonium salts (or it was highly acidic and larger 
amounts of ammonia were used up for its neutralization), precipitation does 
not occur at all. but the blue colour is formed right away. 

The reaction is characteristic for copper(II) ions in the absence of nickel. 


3. Sodium hydroxide in cold solution: blue precipitate of copper(II) hydroxide: 
Cu?* +20H- = Cu(OH),| 


The precipitate is insoluble in excess reagent. 
When heated, the precipitate is converted to black copper(II) oxide by 
dehydration: 
Cu(OH),| > CuO] +H,0 


In the presence of a solution of 
hydroxide is not precipitated by solu 
coloured an intense blue. If the alkali 
agents, such as hydroxylamine, 


tartaric acid or of citric acid, copper(II) 
tions of caustic alkalis, but the solution is 
ne solution is treated with certain reducing 
hydrazine, glucose, “and acetaldehyde, yellow 
copper(I) hydroxide is precipitated from the warm solution, which is converted 
into red copper(I) oxide CuO on boiling. The alkaline solution of copper(II) 
salt containing tartaric acid is usually known as Fehling’s solution; it contains 
the complex ion [Cu(COO.CHO),}?~ 


4. Potassium iodide: 


tassiw precipitates copper(I) iodide, which is white, but the 
solution is intensely b 


rown because of the formation of tri-iodide ions (iodine): 
2Cu?* +51- + 2Cul| +15 
Adding an excess of sodi 


reduced to colourless iodi 
visible. The reduction w 


um thiosulphate to the solution, tri-iodide ions are 
ide ions and the white colour of the precipitate becomes 
ith thiosulphate yields tetrathionate ions: 

13 +28,027 — 3I- + $8,025 
These reactions are used i 


n quantitative analysis for the iodometric determination 
of copper. 


5. Potassium cyanide (POISON): when added sparingly forms first a yellow 
precipitate of copper(II) cyanide; 


Cu** +2CN- > Cu(CN),| 


the precipitate quickly dec, i i i 
(HIGHLY POISONOUS GAS). ss Sa E ee ene ee 


2Cu(CN),| > 2Cucn| +(CN),} 
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In excess reagent the precipitate is dissolved, and colourless tetracyano- 
cuprate(I) complex is formed: 


CuCN| +3CN~ > [Cu(CN),]37 


The complex is so stable (i.e. the concentration of copper(I) ions is so low) that 
hydrogen sulphide cannot precipitate copper(I) sulphide from this solution 
(distinction from cadmium, cf. Section III.11, reactions 1 and 4). 


6. Potassium thiocyanate: black precipitate of copper(II) thiocyanate: 


Cu?+ +2SCN~ > Cu(SCN)2! 
The precipitate decomposes slowly to form white copper(I) thiocyanate and 
thiocyanogen is formed: 

2Cu(SCN),| > 2CuSCN]| + (SCN)2T 
thiocyanogen decomposes rapidly in aqueous solutions. 

Copper(II) thiocyanate can be transformed to copper(I) thiocyanate immedi- 

ately by adding a suitable reducing agent. A saturated solution of sulphur 
dioxide is the most suitable reagent: 


2Cu(SCN)2| +SO2+2H20 > 2CuSCN]| +2SCN~ + S047 + 4H™ 


7. Iron Ifa clean iron nail or a blade of a penknife is immersed in a solution 
of.a copper salt, a red deposit of copper is obtained: 


Cu?+ +Fe > Fe?* +Cu 
and an equivalent amount of iron dissolves. The electrode potential of copper 
(more precisely of the copper-copper(II) system) is more positive than that of 
iron (or the iron-iron(II) system). 


8. x-Benzoinoxime (or cupron ) (5% in alcohol) 
(C,Hs.CHOH.C(=NOH).C.Hs): 
forms a green precipitate of copper(II) benzoinoxime Cu(C,4H,,0,N), 
insoluble in dilute ammonia. In the presence of metallic salts which are precipi- 
tated by ammonia, their precipitation can be prevented by the addition of 
sodium potassium tartrate (10%). The reagent is specific for copper in ammonia- 
cal tartrate solution. Large amounts of ammonium salts interfere and should 
be removed by evaporation and heating to glowing: the residue is then dissolved 
in a little dilute hydrochloric acid. 
Treat some drop-reaction paper wi 
and a drop of the reagent, and then ho 


colouration is obtained. 
Sensitivity: 0-1 pg Cu. Concentration limit: 1in5x 10°. 

If other ions, precipitable by ammonia solution, are present, a drop of Rochelle 

salt solution (10 %) is placed upon the paper before the reagent is added. 


9. Salicylaldoxime (1%) | guy 
OH 


th a drop of the weakly acid test solution 
ld it over ammonia vapour. A green 
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forms a greenish-yellow precipitate of copper salicylaldoxime Cu(C,H,O,N), 
in acetic acid solution, soluble in mineral acids. Only palladium and gold inter- 
fere giving Pd(C,H,O,N), and metallic gold respectively in acetic acid solution; 
they should therefore be absent. 

Place a drop of the test solution, which has been neutralized and then acidified 
with acetic acid, in a micro test-tube and add a drop of the reagent. A yellow- 
green precipitate or opalescence (according to the amount of copper present) 
is obtained. 

Sensitivity: 0-5 ug Cu. Concentration limit: 1 in 105, 


10. Rubeanic acid (or dithio-oxamide ) (0.5%) 


( a 
bo) 


may however, be detected in the presence of these elements by utilizing the 
capillary separation method upon filter paper. Mercury(I) should be absent as 


Place a drop of the neutral test solution upon drop-reaction paper, expose it 
to ammonia vapour and add a drop of the reagent. A black or greenish-black 


Sensitivity: 0-01 Hg Cu. Concentration limit: | in 2x 106. 
Traces of copper in distilled water give a positive reaction, hence a blank test 
must be carried out with the distilled water. 

In the presence of nickel, proceed as follows. Impregnate drop-reaction paper 
with the reagent and add a drop of the test solution acidified with acetic acid, 
(2M). Two zones or circles are formed: the central olive-green or black ring is 
due to copper and the outer blue-violet ring to nickel, 


Sensitivity: 0-05 ug Cu in the Presence of 20,000 times that amount of nickel. 


Concentration limit: 1 in 10°. 
In the presence of cobalt, the central green or black ring, due to copper, is 
Surrounded by a yellow-brown ring of cobalt rubeanate. 


Sensitivity: 0-25 Hg Cu in the presence of 20,000 times that amount of cobalt. 
Concentration limit: | in 2 x 105. 


11. Catalytic test. Iron(III) salts react with thiosulphate according to the 
equations: 

Mic 28, O25 [Fe(S,0,),]- (a) 
[Fe(S,0,).]- +Fe3+ — 2Fe2+ +S,02- (b) 


Reaction (a) is fairly rapid; reaction (b) is a slow One, but is enormously acceler- 
ated by traces of copper. If the reaction is carried out in the presence of a 
thiocyanate, which serves as an indicator for the Presence of iron(III) ions and 
also retards reaction (b), then the reaction velocity, which is proportional to the 
ume taken for complete decolourization, may be employed for detecting minute 
amounts of copper(II) ions, Tungsten and, to a lesser extent, selenium cause a 
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catalytic acceleration similar to that of copper: they should therefore be absent. 

Upon adjacent cavities of a spot plate place a drop of the test solution and a 
drop of distilled water. Add to each 1 drop iron(II) thiocyanate (0-05) and 
3 drops sodium thiosulphate (0:5M). The decolourization of the copper-free 
solution is complete in 1:5-2 minutes: if the test solution contains | pg copper, 
the decolourization is instantaneous. For smaller amounts of copper, the differ- 
ence in times between the two tests is still appreciable. 

Sensitivity; 0-2 ug Cu2*. Concentration limit: | in 2 x 10°. 


12. Dry tests a. Blowpipe test When copper compounds are heated with 
alkali carbonate upon charcoal, red metallic copper is obtained but no oxide 


is visible. 

b. Borax bead Green while hot, and blue when cold after heating in the 
oxidizing flame; red in the reducing flame, best obtained by the addition of a 
trace of tin. 

c. Flame test Green especially in the presence of halides, e.g. by moistening 
with concentrated hydrochloric acid before heating. 


II.11 CADMIUM, Cd (4,: 112-40) Cadmium is a silver-white, malleable 
and ductile metal. It melts at 321°C. It dissolves slowly in dilute acids with the 
evolution of hydrogen (owing to its negative electrode potential): 

Cd+2H* > Cd**+HoT 


Cadmium forms bivalent ions which are colourless. Cadmium chloride, nitrate, 
and sulphate are soluble in water; the sulphide is insoluble with a characteristic 


yellow colour. 
Reactions of the cadmium(II) ions These reactions can be studied most con- 
veniently with a 0:25M solution of cadmium sulphate. 
1. Hydrogen sulphide (gas or saturated aqueous solution) : yellow precipitate of 
cadmium sulphide: 
Cd?* +H,S > CdS +2H* 

The reaction is reversible; if the concentration of strong acid in the solution 

is above 0:5M, precipitation is incomplete. Concentrated acids dissolve the 


precipitate for the same reason. The precipitate is insoluble in potassium 
cyanide (POISON); this distinguishes cadmium ions from copper. 


2. Ammonia solution when added dropwise: white precipitate of cadmium(II) 


hydroxide: 
Cd?* +2NH3+2H,0 2 Cd(OH),| +2NH4 


The precipitate dissolves in acid when the equilibrium shifts towards the left. 
An excess of the reagent dissolves the precipitate, when tetrammine- 


cadmiate(II) ions are formed: 
Ca(OH), +4NH3 7 [Cd(NH3)4]?* +2087 
the complex is colourless. 
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3. Sodium hydroxide: white precipitate of cadmium(II) hydroxide: 
Cd**+20H- = Cd(OH),| 


The precipitate is insoluble in excess reagent; its colour and composition 


remains unchanged when boiled. Dilute acids dissolve the precipitate by 
shifting the equilibrium to the left. 


4. Potassium cyanide (POISON): white precipitate of cadmium cyanide, when 
added slowly to the solution: 


Cd?* +2CN~ > Cd(CN),} 


An excess of the reagent dissolves the precipitate, when tetracyanocadmiate(II) 
ions are formed: 


Cd(CN),| +2CN~ > [Cd(CN),]?- 


The colourless complex is not too stable; w. 
introduced, cadmium sulphide is precipitated: 


[Cd(CN),]?~ +H,S > CdS} +2H* +4CN- 


The marked difference in the stabilities of the copper and cadmium tetra- 


cyanato complexes serves as the basis for the separation of copper and cadmium 
ions. 


hen hydrogen sulphide gas is 


5. Potassium iodide: forms no precipitate (distinction from copper). 


6. Dinitro-p-diphenyl carbazide (0-1%) 


forms a brown-coloured product with cadmium hydroxide, which turns 
greenish-blue with formaldehyde. 
Place a drop of the acid, neutral or ammoniacal test solution on a spot plate 
and mix it with 1 drop sodium hydroxide (2M) solution and 1 drop potassium 
cyanide (10%) solution. Introduce | drop of the reagent and 2 drops formalde- 
hyde solution (40%). A brown precipitate is formed, which very rapidly be- 
comes greenish-blue. The reagent alone is red in alkaline solution and is coloured 
violet with formaldehyde, hence it is advisable to compare the colour produced 
ina blank test with pure water when searching for minute amounts of cadmium. 
A a aiD 0:8 ug Cd. Concentration limit: 1 in 60,000. 
n the presence of considerable amounts of copper, 3 drops each of the potas- 
sium cyanide and formaldehyde solution should be used; the sensitivity is 
4 ug Cd in the presence of 400 times that amount of copper. 


i, 4-Nitronaphthalene-diazoamino-azo-benzene (‘Cadion 2B’) (0-02% ) 
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o c a) 


Cadmium hydroxide forms a red-coloured lake with the reagent, which contrasts 
with the blue tint of the latter. 

Place a drop of the reagent upon drop-reaction paper, add one drop of the 
test solution (which should be slightly acidified with acetic acid (2M) containing 
a little sodium potassium tartrate), and then one drop potassium hydroxide 
(2m). A bright-pink spot, surrounded by a blue circle, is produced. 

Sensitivity ; 0:025 pg Cd. 

The reagent is prepared by dissolving 0:02 g ‘cadion 2B’ in 100 ml ethanol 
to which | ml 2m potassium hydroxide is added. The solution must not be 
warmed. It is destroyed by mineral acid. 


8. Dry tests a. Blowpipe test All cadmium compounds when heated with 
i brown incrustation of cadmium oxide CdO. 


alkali carbonate on charcoal give a 
b. Ignition test Cadmium salts are reduced by sodium oxalate to elementary 
h is usually obtained as a metallic mirror surrounded by a little 


cadmium, whic! 
brown cadmium oxide. Upon heatirig with sulphur, the metal is converted into 


yellow cadmium sulphide. i ; 
Place a little of the cadmium salt mixed with an equal weight of sodium 


oxalate in a small ignition tube, and heat. A mirror of metallic cadmium with 
brown edges is produced. Allow to cool, add a little flowers of sulphur and heat 
again. The metallic mirror is gradually converted into the orange-coloured 
sulphide, which becomes yellow after cooling. Do not confuse this with the 


yellow sublimate of sulphur. 


11.12 ARSENIC, As (4,: 74:92) - ARSENIC(III) Arsenic is a steel-grey. 
brittle solid with a metallic lustre. It sublimes on heating, and a characteristic, 
garlic-like odour is apparent; on heating in a free supply of air, arsenic burns 
witha blue flame yielding white fumes of arsenic(III) oxide. Allarseniccompounds 
are poisonous. Theelement is insolublein hydrochloricacid andin dilute sulphuric 
acid: it dissolves readily in dilute nitric acid yielding arsenite ions and in concen- 
trated nitric acid, aqua regia or sodium hypochlorite solution forming arsenate: 


As+4H* +. NO; > As** +NO}+2H,0 
3As+5HNO,(conc)+2H,0 > 3AsO3- + SNOT+9H* 
2As+5OCI +3H,0 > 2AsOg” + 5C1- +6H* 

Two series of compounds of arsenic are common: that of arsenic(III) and 
arsenic(V). Arsenic(III) compounds can be derived from the amphoteric arsenic 
trioxide As,O3, which yields salts both with strong acids (e.g. arsenic(III) 
chloride, AsCl3), and with strong bases (e.g. sodium arsenite, Na,;AsO,). In 


strongly acidic solutions therefore the arsenic(III) ion As** is stable. In strongly 
basic solutions the arsenite ion, AsQ3° is the stable one. Arsenic(V) compounds 
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are derived from arsenic pentoxide, As,O,. This is the anhydride of arsenic 
acid, H;AsO,, which forms salts such as sodium arsenate Na3AsO,. Arsenic(V) 
therefore exists in solutions predominantly as the arsenate AsO3> ion. 


Reactions of arsenic(III) ions A 0-1M solution of arsenic(III) oxide, As,O3, or 
sodium arsenite, Na,AsO;, can be used for these experiments. Arsenic(III) 
oxide does not dissolve in cold water, but by boiling the mixture for 30 minutes, 


dissolution is complete. The mixture can be cooled without the danger of 
precipitating the oxide. 


1. Hydrogen sulphide: yellow precipitate of arsenic(III) sulphide: 
2As** +3H,S > As2S3} +6H+ 
The solution must be strongly acidic; if there is not enough acid present a 
yellow colouration is visible only, owing to the formation of colloidal As,S3. 


The precipitate is insoluble in concentrated hydrochloric acid (distinction and 


method of separation from Sb,S; and SnS,), but dissolves in hot concentrated 
nitric acid: 


3As,S, +28HNO, +4H,0 > 6AsOZ~ + 9SO3- + 36H* + 28NOTt 
It is also readily soluble in solutions of alkali hydroxides, and ammonia: 
As2S;+60H~ > AsO3- + Ass3- +3H,0 
Ammonium sulphide also dissolves the precipitate: 
As,S,+3S8?- 3 2AsS3- 


In both cases thioarsenite (AsS3- 


n ) ions are formed. On reacidifying these both 
decompose, when arsenic(III) sulp 


hide and hydrogen sulphide are formed : 
2AsS3}" +6H* > As,S3|+3H,St 


Yellow ammonium sulphide (ammonium i iss 
Wi polysulphide), (NH,),S; dissolves 
the precipitate, when thioarsenate AsS3- ions aie eee ; ERAR 
As253| +4525 > 2AsS3- + S2- 
Upon acidifying this solution yellow arseni 
which is contam: 


0 inated with sulphur because of t 
polysulphide reagent: 


c(V) sulphide is precipitated, 
he decomposition of the excess 


2AsS}" +6H* > As,S,|+3H,St 
S} +2H* > Hot+s) 


2. Silver nitrate: yellow ipi i ite i i 
„Silver ? precipitate of silver 
(distinction from arsenates): ean 


AsO}” +3Ag* > Ag,AsO,| 


The Precipitate is soluble both in nitric acid and ammonia. 


3. Magnesia mixture 


ne: (a solution containi i 
no precipitate (distinction from arsenate). a ach ang lirite pa! 
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A similar result is obtained with the magnesium nitrate reagent (a solution 
containing Mg(NO3)2, NH,NO; , and alittle NH3). 


4. Copper sulphate solution: green precipitate of copper arsenite (Scheele’s 
green), variously formulated as CuHAsO; and Cu;(AsO3)2 .xH,0, from neutral 
solutions, soluble in acids, and also in ammonia solution forming a blue 
solution. The precipitate also dissolves in sodium hydroxide solution; upon 
boiling, copper(I) oxide is precipitated. 


5. Potassium tri-iodide (solution of iodine in potassium iodide) : oxidizes arsenite 
ions while becoming decolourized: 


AsO3~ +13 +H,O2As04 +317 +2H* 
The reaction is reversible, and an equilibrium is reached. If the hydrogen ions 


formed in this reaction are removed by adding sodium hydrogen carbonate as 
a buffer, the reaction becomes complete. 


6. Tin(II) chloride solution and concentrated hydrochloric acid (Bettendorff’s 
Test) A few drops of the arsenite solution are added to 2 ml concentrated 
hydrochloric acid and 0:5 ml saturated tin(II) chloride solution, and the solution 
gently warmed; the solution becomes dark brown and finally black, due to the 


separation of elementary arsenic. 
2As3* +3Sn?* > 2As| + 3Sn** 


If the test is made with the sulphide precipitated in acid solution, only 
rfere; by converting the arsenic into magnesium ammonium 
to redness, the pyroarsenate Mg,As,O, remains and any 
latilized. This forms the basis of a delicate test for 


mercury will inte 
arsenate and heating 
mercury salts present are vo 
arsenic. 

Mix a drop of the test solution in a micro crucible with 1-2 drops concentrated 
ammonia solution, 2 drops ‘10-volume’ hydrogen peroxide, and 2 drops . 
m magnesium sulphate solution. Evaporate slowly and finally heat until fuming 
ceases. Treat the residue with 1-2 drops of a solution of tin(II) chloride in con- 
centrated hydrochloric acid, and warm slightly. A brown or black precipitate 


or colouration is obtained. 
Sensitivity: 1 pg As. Concentration limit: 1 in 50,000. 


[11.13 ARSENIC, As (4;: 74:92) — ARSENIC(V) The properties of arsenic 
were summarized in Section III.12. 


Reactions of arsenate ions A Olm solution of disodium hydrogen arsenate 
Na,HAsO,.7H20 can be used for the study of these reactions. The solution 
should contain some dilute hydrochloric acid. 


1. Hydrogen sulphide: no immediate precipitate in the presence of dilute 
hydrochloric acid. If the passage of the gas is continued, a mixture of arsenic(III) 
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sulphide, As,S,, and sulphur is slowly precipitated. Precipitation is more rapid 
in hot solution. 
AsO2” + H,S > AsO3- +S] +H,O 
2AsO3" +3H,S+6H* —> As,S;|+6H,O 
If a large excess of concentrated hydrochloric acid is present and hydrogen 


sulphide is passed rapidly into the cold solution, yellow arsenic pentasulphide 
As_S, is precipitated: 


2AsO,” + 5H,S+6H* > As,S;|+8H,O 
Arsenic pentasulphide. like the trisulphide, is readily soluble in alkali 


hydroxides or ammonia (a), ammonium sulphide (b), ammonium polysulphide 
(c), sodium or ammonium carbonate (d): 


As,Ss|+60H~ + AsS3- +AsO,$?- +3H,0 (a) 
As,S5| +3S2- > 2AsS37 (b) 
As,S,| +6S3~ —> 2AsS3- + 3S3- () 

As,S5|+3CO3- + AsS3~ + AsO,$3- +3CO, (d) 


Upon acidifying these solutions with hydrochloric acid, arsenic pentasulphide 
is reprecipitated : 


2AsS3" + 6H* > As,S,| +3H,ST 


For the rapid precipitation of arsenic from solutions of arsenates without 
using a large excess of hydrochloric acid, sulphur dioxide may be passed into 
the slightly acid solution in order to reduce the arsenic to the tervalent state and 
then the excess of sulphur dioxide is boiled off; on conducting hydrogen sulphide 
into the warm reduced solution immediate precipitation of arsenic trisulphide 
occurs. 

The precipitation can be greatly accelerated by the addition of small amounts 
of an iodide, say, 1 ml of a 10 per cent solution, and a little concentrated 
hydrochloric acid. The iodide acts as a catalyst. 


2. Silver nitrate solution: 
from neutral solutions ( 
yellow precipitates), sol 
acetic acid. 


brownish-red precipitate of silver arsenate ABRs 
distinction from arsenite and phosphate which yiel 
uble in acids and in ammonia solution but insoluble in 


AsO} +3Ag* > Ag,AsO,| 


This reaction may be ada 


é pted as a delicate test for arsenic in the following 
manner. The test is ap 


„applicable only in the absence of chromates. hexacyano- 
Pr and (III) ions, which also give coloured silver salts insoluble in acetic 
acid. 


Place a drop of ‘the test solution in a micro crucible, add a few drops of con- 
centrated ammonia solution and of “10-volume’ hydrogen peroxide, and warm. 


Acidify with acetic acid and add 2 drops silver nitrate solution. A brownish-red 
precipitate or colouration appears. 


Sensitivity: 6 wg As, Concentration limit: 1 in 8,000. 
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3. Magnesia mixture (see Section III.12, reaction 3): white, crystalline pre- 
cipitate of magnesium ammonium arsenate Mg(NH,)AsO4. 6H,0 from neutral 
or ammoniacal solution (distinction from arsenite): 
AsO3~ + Mg?* +NHji > MegNH,AsO,} 

For some purposes (e.g. the detection of arsenate in the presence of phosphate). 
it is better to use the magnesium nitrate reagent (a solution containing 
Mg(NO;)2, NH,Cl, and a little NH3). 

Upon treating the white precipitate with silver nitrate solution containing a 
few drops of acetic acid, red silver arsenate is formed (distinction from 


phosphate): - 
MgNH,AsO,4| + 3Ag* > Ag;AsO4} + Mg?* +NH;z 


4. Ammonium molybdate solution: when the reagent and nitric acid are added 
in considerable excess to a solution of an arsenate, a yellow crystalline pre- 
cipitate of ammonium arsenomolybdate, (NH,,)3 AsM0,204o, is obtained on 
boiling (distinction from arsenites which give no precipitate, and from phos- 
phates which yield a precipitate in the cold or upon gentle warming). The pre- 


cipitate is insoluble in nitric acid, but dissolves in ammonia solution and in 


solutions of caustic alkalis. 
AsO37 + 12MoO4~ +3NHi +24H* > (NH4); AsMo; 2040} + 12H20 

The precipitate in fact contains trimolybdate (Mo 3070) ions; each replacing 
one oxygen in AsO}. The composition of the precipitate should be written 
as (NH,)3[As(Mo3010)4]- 

resence of concentrated hydrochloric 
he mixture with 1-2 ml of chloroform 
red violet by the iodine. The reactior. 
the presence of arsenite; oxidizing 


5. Potassium iodide solution. in the p 
acid, iodine is precipitated ; upon shaking t! 
or of carbon tetrachloride, the latter is colou 
may be used for the detection of arsenate 1n 
agents must be absent. 

AsO3- +2H* +21" æ AsO} +1, +H20 
rsible (cf. Section III.12, reaction 5); a large amount of 


The reaction is reve ‘ I 
plete this reaction. 


acid must,be present to com 


IIl.14 SPECIAL TESTS FOR SMALL AMOUNTS OF ARSENIC These 
vai ae replicable to all arsenic compounds, and play an important role in 
forensic analysis. 


st be carried out in the fume cupboard, is 


b t that all soluble compounds of arsenic are reduced by 
Paes on acid solution to arsine, AsH3, a colourless, extremely 
Poisonous gas with a garlic-like odour. If ‘the gas. mixed with hydrogen, is 
conducted through a heated glass tube, it 1s decomposed into hydrogen ana 
metallic arsenic, which is deposited as a brownish-black ‘mirror’ just beyond 


tube. : 
the heated part of the tu d of hydrogen and arsine (after all the 


‘oniting the mixed gases, compose ] ars 
pee aie from the apparatus), they burn with a livid blue flame and 


white fumes of arsenic(III) oxide are evolved; if the inside of a small porcelain 


(i) Marsh’s test This test, which mu: 
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dish is pressed down upon the flame, a black deposit of arsenic is obtained on 
the cool surface, and the deposit is readily soluble in sodium hypochlorite or 
bleaching powder solution (distinction from antimony). 

The following reactions take place during these operations. 


As** +3Zn+3H* > AsH3f+3Zn2* 
AsO}- +4Zn+ 11H* > AsH,Î +4Zn?* +4H,O 
4AsH3{ > (heat) > 4As| +6H,f 
2AsH3 +30, > As,0,+3H,O 
2As|+SOCI” +3H,0 > 2AsO3- +5Cl- +6H* 


The Marsh test is best carried out as follows. The apparatus is fitted up as 
shown in Fig. III.1. A conical flask of about 125 ml capacity is fitted with a 
two-holed rubber stopper carrying a thistle funnel reaching nearly to the bottom 
of the flask and a 5-7 mm right-angle tube; the latter is attached by a short 
piece of ‘pressure’ tubing to a U-tube filled with glass wool moistened with lead 
acetate solution to absorb any hydrogen sulphide evolved (this may be dis- 
pensed with, if desired, as its efficacy has been questioned), then to a small tube 
containing anhydrous calcium chloride of about 8 mesh, then to a hard glass 
tube, c. 25 cm long and 7 mm diameter, constricted twice near the middle to 
about 2 mm diameter, the distance between the constrictions being 6-8 cm. 
The drying tubes and the tube ABC are securely supported by means of clamps. 


Glass wool moistened with Pb (CH;COO), solution 
Zn and dilute H , SO, 


Fig. 111.1 


ASH,1+6Ag* > As**43H* 4 6Ag/ 


ae ti olution containing the arsenic compound is then added in small amounts 
almost taeda ns the flask. If much arsenic is present, there will be an 
iate blackening of the silver nitrate soluti isconnect the 
rubber tube at C. Heat the t olution. Dis 


ube at A to just below the softening point; a mirror 
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of arsenic is deposited in the cooler, less constricted portion of the tube. A 
second flame may be applied at B to ensure complete decomposition (arsine is 
extremely poisonous). When a satisfactory mirror has been obtained, remove 
the flames at A and B and apply a light at C. Hold a cold porcelain dish in the 
flame, and test the solubility of the black or brownish deposit in sodium hypo- 
chlorite solution. 

Smaller amounts of arsenic may be present in the silver nitrate solution as 
arsenious acid and can be detected by the usual tests, e.g. by hydrogen sulphide 
after removing the excess of silver nitrate with dilute hydrochloric acid, or by 
neutralizing and adding further silver nitrate solution, if necessary. 


Filter paper moistened 
with AgNO, solution 


Cotton wool 


Fig. 111.2 Fig. 111.3 


The original Marsh test involved burning and deposition of the arsenic upon 
a cold surface. Nowadays the mirror test is usually applied. The silver nitrate 
reaction (sometimes known as Hofmann’s test) is very useful as a confirmatory 


test. 

is essentially a modification of Marsh’s test, the chief 
ly a test-tube is required and the arsine is detected by 
(II) chloride. Place 1-2 g aye ae zne i 

- dilute sulphuric acid, loosely plug the tube with purifie 

ateshtube adan eE a nimi of filter paper moistened wenn 2 per cent 
silver nitrate solution on top of the tube (Fig. II.2). It ney be ey ype 
the tube gently to produce a regular evolution of hydrogen. / ie en of a 
definite period, say 2 minutes, remove the filter paper and pe the part that 
covered the test-tube; usually a light-brown spot Is obtaine ane a R s ass 
of arsenic present in the reagents. Remove the cotton-woo! plug, a ml of 


i , replace the cotton wool and silver nitrate paper, the 
ie solution eae 2 is exposed. After 2 minutes, assuming 
5 Se 


fresh portion is © 
that the rate of evolution of gas is approximately the same, remove the filter 
paper and examine the two spo 


ts. If much arsenic is present, the second spot 
(due to metallic silver), will a 


ppear black. 
Hydrogen sulphide, phosphi 


ne PH,, and stibine SbH,, give a similar reaction, 
They may be removed by means of a purified cotton-wool plug impregnated 
with copper(I) chloride. 


(ii) Gutzeit’s test This 
difference being that on 
means of silver nitrate or mercury 
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The use of mercury(I!) chloride paper, prepared by immersing filter paper 
in a 5 per cent solution of mercuric chloride in alcohol and drying in the 
atmosphere out of contact with direct sunlight, constitutes an improvement. 
This is turned yellow by a little arsine and reddish-brown by larger quantities. 
Filter paper, impregnated with a 0-3M aqueous solution of ‘gold chloride’ 
{sodium tetrachloroaurate (III)], NaAuCl,.2H,O, may also be employed when a 
dark-red to blue-red stain is produced. A blank test must be performed with the 
reagent in all cases. In this reaction gold is formed: 


AsH,+2Au3* > As?* +2Au| +3H* 


The test may be performed on the semimicro scale with the aid of the apparatus 
shown in Fig. III.3. Place 10 drops of the test solution in the semimicro test- 
tube, add a few granules of arsenic-free zinc and 1 ml dilute sulphuric acid. 
Insert a loose wad of pure cotton wool moistened with lead nitrate solution in 
the funnel, and on top of this place a disc of drop-reaction paper impregnated 
with 20 per cent silver nitrate solution; the paper may be held in position by a 
watch glass or microscope slide. Warm the test-tube gently (if necessary) on a 
water bath to accelerate the reaction, and allow to stand. Examine the silver 
nitrate paper after about 5 minutes. A grey spot will be obtained; this is 
occasionally yellow, due to the complex Ag3As.3AgNO3. 

For minute quantities of arsenic, it is convenient to use the apparatus depicted 
in Fig. 11.56. Mix a drop of the test solution with a few grains of zinc and a few 
drops of dilute sulphuric acid in the micro test-tube. Insert the funnel with a 
flat rim, and place a small piece of drop-reaction paper moistened with 20 per 
cent silver nitrate solution on the flat surface. A grey stain will be obtained. 

Sensitivity: 1 ug As. Concentration limit: | in 50,000. p 

A more sensitive test is provided by drop-reaction paper impregnated with 
gold chloride reagent (a 0-3M solution of NaAuCl,.2H,0). Perform the test 
as described in the previous paragraph: a blue to blue-red stain of metallic gold 
is obtained after standing for 10-15 minutes. It is essential to perform a blank 
test with the reagents to confirm that they are arsenic-free. 

Sensitivity : 0-05 ug As. Concentration limit: 1 in 100,000. 


(iti) Fleitmann’s test This test depends upon the fact that nascent hydrogen 
generated in alkaline solution, e.g. from aluminium or zinc and sodium 
hydroxide solution, reduces arsenic(III) compounds to arsine, but does not 
affect antimony compounds. A method of distinguishing arsenic and antimony 
compounds is thus provided. Arsenates must first be reduced to the tervalent 
State before applying the test. The modus operandi is as for the Gutzeit test, 
except that zinc or aluminium and sodium hydroxide solution replace zinc and 
dilute sulphuric acid. It is necessary to warm the solutions. A black stain of silver 
is produced by the action of the arsine. 

The apparatus of Fig. II.3 may be used on the semimicro scale. Place 1 ml 
test solution in the test-tube, add some pure aluminium turnings, and 1 ml, 


2M potassium hydroxide solution. Gentle warming is usually necessary. A yellow 
or grey stain is produced after several minutes. 


(r ) Dry tests a. Blowpipe test Arsenic compounds when heated upon 
charcoal with sodium carbonate give a white incrustation of arsenic(III) oxide, 
and an odour of garlic is apparent while hot. 
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b. When heated with excess of potassium cyanide and of anhydrous sodium 
carbonate in a dry bulb tube, a black mirror of arsenic, soluble in sodium 
hypochlorite solution, is produced in the cooler part of the tube. 


111.15 ANTIMONY, Sb (4,: 121-75) - ANTIMONY(III) Antimony is a 
lustrous, silver-white metal, which melts at 630°C. It is insoluble in hydrochloric 
acid, and in dilute sulphuric acid. In hot, concentrated sulphuric acid it dissolves 


slowly forming antimony(III) ions: 
2Sb+3H,SO,+6H* — 2Sb3* +3SO0,f+6H2,0 


Nitric acid oxidizes antimony to an insoluble product, which can be regarded 
as a mixture of Sb,O, and Sb,0;. These anhydrides, in turn, can be dissolved 
in tartaric acid. A mixture of nitric acid and tartaric acid dissolves antimony 
easily. 

Aqua regia dissolves antimony, when antimony(III) ions are formed: 

Sb+HNO,+3HCI > Sb?* +3C17 +NO{+2H,0 


Two series of salts are known, with antimony(III) and antimony(V) ions in 
them; these are derived from the oxides Sb,O, and Sb,0s. i 

Antimony(III) compounds are easily dissolved in acids, when the ion Sb** 
is stable. If the solution is made alkaline, or the concentration of hydrogen ions 
is decreased by dilution, hydrolysis occurs when antimonyl, SbO*, ions are 
formed: 

Sb3* +H,O 2 SbO* +2H* 

ounds contain the antimonate ion, SbO3~. Their charac- 


Antimony(V) comp | c 
he corresponding arsenic compounds. 


teristics are similar to t 


III) ions A 0:2M solution of antimony(III) chloride, 
actions. This can be prepared either by 
oride or antimony(III) oxide, Sb,03, in 


Reactions of antimony(. 
SbCl,, can be used to study these re 
dissolving the solid antimony(III) chl 


dilute hydrochloric acid. 


Ns , sulphide: orange-red precipitate of antimony trisulphide, Sb,S5, 
fi EE TE atic are not too acid. The precipitate 1s soluble in warm con- 
centrated hydrochloric acid [distinction and method of separation from 

mercury(II) sulphide], in ammonium polysulphide 


i Iphide and l 3 i 1 
Gini “Hioantimionate), and in alkali hydroxide solutions (forming 


antimonite and thioantimonite). 
2Sb3+ +3H,S > Sb2S3! + 6H* 
Sb,S3] +6HC! > 2Sb?* +6Cl- +3H2ST 
Sb,S3| +483, > 2SbS4 + sł- 
2Sb,S3|+40H > SbO;z +3SbS; +2H,0 


Upon acidification of the thioantimonate solution with hydrochloric acid, 
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antimony pentasulphide is precipitated initially but usually decomposes 
partially into the trisulphide and sulphur: 


2SbS3- + 6H* —Sb,S,| +3H,St 
Sb,S5| > Sb,S3] +28] 


Acidification of the antimonite-thioantimonite mixture leads to the precipi- 
tation of the trisulphide: 


SbO2z +3SbS; +4H* — 2Sb,S,|+2H,O 


2. Water: when the solution is poured into water, a white precipitate of 
antimony! chloride SbO.CI is formed, soluble in hydrochloric acid and in 
tartaric acid solution (difference from bismuth). With a large excess of water 
the hydrated oxide Sb,0;.xH,O is produced. 


3. Sodium hydroxide or ammonia solution: white precipitate of the hydrated 
antimony(III) oxide Sb,0,.xH,O soluble in concentrated (5M) solutions of 
caustic alkalis forming antimonites. 


2Sb3* +6OH~ > Sb,0,|+3H,0 
Sb,0,|+20H~ > 2Sb0; +H,0 


4. Zinc: a black precipitate of antimony is produced. If a little of the antimony 
trichloride solution is poured upon platinum foil and a fragment of metallic 
zinc is placed on the foil, a black stain of antimony is formed upon the platinum, 
the stain (or deposit) should be dissolved in a little warm dilute nitric acid and 
hydrogen sulphide passed into the solution after dilution; an orange precipitate 
of antimony trisulphide will be obtained. 


2Sb** +3Zn| > 2Sb] +3Zn2+ 


Some stibine SbH, may be evolved when zinc is used; it is preferable to employ 
tin. 

2Sb°* +3Sn| > 2Sb| +3Sn2+ 
A modification of the above test is to place a drop of the solution containing 


antimony upon a genuine silver coin and to touch the coin through the drop 
with a piece of tin or zinc; a black spot will form on the coin. 


5. Iron wire: black precipitate of antimon 


2 y y- This may be confirmed as described 
In reaction 4. 


2Sb°* + 3Fe > 2Sb| +3Fe?+ 
6. Potasstum iodide solution: yellow colouration owing to the formation of a 
complex salt. 


Sb?* +617 + [SbI,]}*- 
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7. Rhodamine-B (or tetraethylrhodamine) reagent 


(C;Hs)2N o N(C:H;)z 
CO 
G 3 
: COOH 


violet or blue colouration with quinquevalent antimony. Tervalent antimony 
does not respond to this test, hence it must be oxidized with potassium or 
sodium nitrite in the presence of strong hydrochloric acid. In Group IIB SbCl, 
is always formed together with SnCl, when the precipitate is treated with 
hydrochloric acid: by oxidizing Sb(III) to Sb(V) with a little solid nitrite, an 
excellent means of testing for Sb in the presence of a large excess of Sn is 
available. Mercury, gold, thallium, molybdates, vanadates, and tungstates in 
solution give similar colour reactions. 

The test solution should be strongly acid with hydrochloric acid and the 
antimony(III) oxidized by the addition of a little solid sodium or potassium 
nitrite: a large excess of nitrite should be avoided. Place 1 ml reagent on a spot 
plate and add 1 drop test solution. The bright-red colour of the reagent changes 
to blue. 

Sensitivity: 0-5 pg Sb and applicable in the presence of 12,500 times that 
amount of Sn. Concentration limit: 1 in 100,000. : í 

The reagent is prepared by dissolving 0:01 g of rhodamine-B in 100 ml of 
water. A more concentrated reagent is obtained by dissolving 0:05 g of 
thodamine-B in a 15 per cent solution of potassium chloride in 2m hydrochloric 


acid. 


8. Phosphomolybdic acid reagent (H3[PMo;2040]): ‘molybdenum blue’ is 
produced by antimony(III) salts. Of the ions in Group II, only tin(I1) interferes 
with the test. The test solution may consist of the filtered solution obtained by 
treating the Group IIB precipitate with hydrochloric acid: the antimony is 
present as,Sb3* and the tin as Sn‘**, which has no effect upon the reagent. 
Place a drop of the test solution upon drop-reaction paper which has been 
impregnated with the phosphomolybdic acid reagent and hold the paper in 


steam. A blue colouration appears within a few minutes. 
itivi ion limit: 1 in 250,000. 
Sensitivity: 0:2 pg Sb. Concentration limit: 1 in i 
iael ley ml test solution in a semimicro test-tube, add 0:5-1 ml 
reagent, and heat for a short time. The reagent is reduced to a blue compound, 


i with amy] alcohol. . ç 
i ee et a the reactive phosphomolybd acid am 
also its relatively unreactive (€.8- ammonium or potassium) salts to ‘molyb- 
denum blue’. However, antimony(III) salts do not reduce ammonium phos- 
phomolybdate: Sn?* may thus be detected in the presence of Sb J j r 

J r with a solution of phosphomolybdic acid 


I drop-reaction pape € j 
oaen hold it for a short time over ammonia gas to form the yellow, sparingly 


soluble ammonium salt; dry. Place a drop of the test solution on this paper: 
a blue spot appears if tin(II) is present. 
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Sensitivity: 0-03 pg Sn. Concentration limit: 1 in 650,000. 
The reagent consists of a 5 per cent aqueous solution of phosphomolybdic 
acid. It does not keep well. 


111.16 ANTIMONY, Sb (4,: 121-75) - ANTIMONY(V) The physical and 
chemical properties of antimony have been described in Section III.15. 


Reactions of the antimony(V) ions Antimony(V) ions are derived from te 
amphoteric oxide Sb,O.. In acids this oxide dissolves under the formation of 
the antimony(V) cation Sb>* : 


Sb,0,+ 10H* 2 2Sb°* + 5H,O 
In acid solutions therefore we have the Sb** ion present. 


In alkalis, on the other hand, the antimonate SbO37 ion is formed: 
Sb,0,;+30H~ = 2SbO3° + 3H* 


In alkaline medium therefore we have the SbO37 present in solutions. SbO37 
is a simplified expression of the composition of the antimonate ion; in fact it 
exists in the hydrated form, which may be termed hexahydroxoantimonate(V). 
Its formation from Sb,0, with alkalis may be described by the reaction: 


Sb,0;+20H~ +5H,O æ 2[Sb(OH), ]~ 


For the study of these reactions, an acidified 0-2m solution of potassium 
hexahydroxoantimonate K[Sb(OH),] can be used. Alternatively, antimony 
pentoxide Sb,O, may be dissolved in concentrated hydrochloric acid. 


I. Hydrogen sulphide: orange-red precipitate of antimony pentasulphide, 
Sb,S,, in moderately acid solutions. The precipitate is soluble in ammonium 
sulphide solution (yielding a thioantimonate) in alkali hydroxide solutions, and 
is also dissolved by concentrated hydrochloric acid with the formation of 
antimony trichloride and the separation of sulphur. The thio-salt is decomposed 
by acids, the pentasulphide being precipitated. 

2Sb*°* +5H.2S > Sb,S,|+10H* 

Sb2S;|+3S2- — 2SbS3- 

Sb,S;| +6OH~ —> SbSO3- + SbS3- + 3H,O 
Sb,S;|+6H* > 2Sb3* +2S|+3H,St 
2SbSi- +6H* > Sb,S,|+3H,St 
SbSO3~ +SbS}" + 6H* > Sb,S,!+3H,O 

Note that the thioantimonate SbSO3~ ion is the derivative of the antimonate 
ion SbO3~ (and has nothing whatsoever to do with the sulphite ion S037). 


2. Water: white precipitate of basic salts with various compositions; ultimately 
, antimonic acid is formed: 


Sb** +4H,O = H,SbO,] +5H* 
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The precipitate dissolves both in acids and alkalis (but not in alkali 
carbouates). 


3. Potassium iodide solution: in acidic solution iodine is separated: 


Sb5*+ +217 æ Sb?* +I} 


If the Sb5* ions are in excess, iodine crystals precipitate out and float on the 
surface of the solution. When heated the characteristic violet vapour of iodine 
appears. If the reagent is added in excess, brown tri-iodide ions are formed 
which screen the yellow colour of hexaiodoantimonate(III) ions: 


Sb$* +917 > [Sbl6]"7 +15 


4. Zinc or tin: black precipitate of antimony in the presence of hydrochloric 
acid: 

2Sb5+ +5Zn| > 2Sbļ + 5Zn?* 

28b>* + 5Sn| > 2Sbļ + 5Sn?* 


Some stibine (SbH3) is produced with zinc. 


5. Rhodamine-B reagent: see antimony(III) compounds (Section TIT.15, 
reaction 7). There is no need for preliminary oxidation in this case. 


SMALL AMOUNTS OF ANTIMONY 
(i) Marsh’s test This test is carried out exactly as described for arsenic. The 
stibine, SbH; (mixed with hydrogen), which is evolved, burns with a faintly 5 
bluish-green flame and produces a dull black spot upon @ cold porcelain dish 
held in the flame; this deposit is insoluble in sodium hypochlorite or bleaching 
powder solution, but is dissolved by a solution of tartaric acid (difference from 


arsenic), 
i mposed by passage through a tube heated to dull redness. 
The ganis ao E ye d in a similar manner to the arsenic 


A lustrous mirror of antimony Is forme 1 
mirror, but it is deposited on both sides of the heated portion of the tube 


r instability of the stibine. This mirror may be converted 
ae se ered anton) TENE by dissolving it in a little boiling hydro- 
chloric acid and passing hydrogen sulphide into the solution. A i 

When the stibine-hydrogen mixture is passed into a solution x si ver nitrate 
(Hofmann’s test) a black precipitate of silver antimonide ABs is o inet 
this is decomposed by the excess of silver nitrate into silver and antimony/(III) 


oxide: 


11.17 SPECIAL TESTS FOR 


SbH,+3A8 > Ag,Sb| +3H* 
2Ag,Sb] +6Ag* + 3H,O > 12Agl + Sb O3} +6H 
ipitate in a solution of tartaric acid and to test for 


It is best to dissolve the precip1ta" 
antimony with hydrogen sulphide in the usual manner. 


in i ich i ble in 80 per cent 
PA : A brown stain 1s produced which is soluble per c 
e T the antimony concentration of the solution is not too high. 
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(iii) Fleitmann’stest Negative results are obtained when this is applied to anti- 
mony compounds (distinction from arsenic). 


(tv) Dry test (blowpipe test). When antimony compounds are heated with 
sodium carbonate upon charcoal, a brittle metallic bead, surrounded by a white 
incrustation, is obtained. 


11.18 TIN, Sn (4,: 118-69) — Tin) Tin is a silver-white metal which is 
malleable and ductile at ordinary temperatures, but at low temperatures it 
becomes brittle due to transformation into a different allotropic modification. 
It melts at 231-8°C. The metal dissolves slowly in dilute hydrochloric and sul- 
phuric acid with the formation of tin(II) (stannous) salts: 


Sn+2H* ae Sn?* +H, 


Dilute nitric acid dissolves tin slowly without the evolution of any gas, 
tin(II) and ammonium ions being formed: 


4Sn+ 10H* +NO; > 4Sn?* + NH? + 3H,O 
With concentrated nitric acid a vigorous reaction occurs, a white solid, 


usually formulated as hydrated tin(IV) oxide SnO,.xH,O and sometimes known 
as metastannic acid, being produced: 


3Sn + 4HNO, +(x—2)H,O > 4NOf + 3Sn0,.xH,0| 


In the presence of antimony and tartaric acid tin dissolves readily in nitric 
acid (induced dissolution) because of complex formation. If larger amounts of 
iron are present, the formation of metastannic acid is again prevented. 


In hot, concentrated sulphuric acid tin(IV) ions are formed at dissolution: 
Sn+4H,SO, > Sn4*+ + 2SO4° +2SO,t +4H,O 

Aqua regia dissolves tin readily, when again tin(IV) ions are formed: 
38n+ 4HNO, + 12HCl = 3Sn4+ + 12C1- + 4NOT +8H,0 


Tin can be bivalent and tetravalent in its compounds. 
The tin(IT) or stannous compounds are usually colourless. In acid solution 
the tin(II) ions Sn2*+ are present, while in alkaline solutions tetrahydroxo- 


stannate(II) ions [Sn(OH),]?~ are to be found. These two are readily transformed 
into each other: 


Sn** +40H- = [Sn(OH),]?- 


Tin(II) ions are strong reducing agents. 


Tin(IV) or stannic compounds are more stable. In their aqueous solution 
they can be present as the tin(IV) ions Sn** or as hexahydroxostannate(IV) 
ions [Sn(OH),]-. They again form an equilibrium system: 


Sn** +6OH- 2 [Sn(OH),]?- 


In acid solutions the equilibrium is shifted towards the left, while in alkaline 
medium it is shifted towards the right. 


Reactions of tin( I1) 
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can be used for studying these reactions. The solution should contain at least 
4 per cent free hydrochloric acid (100 ml concentrated HCI per litre). 


1. Hydrogen sulphide: brown precipitate of tin(II) sulphide, SnS, from not too 
acid solutions (say in the presence of 0:25-0:3M hydrochloric acid or pH c. 0°6). 
The precipitate is soluble in concentrated hydrochloric acid (distinction from 
arsenic(III) sulphide and mercury(II) sulphide); it is also soluble in yellow 
[(NH,),S,], but not in colourless [((NH,)2S], ammonium sulphide solution to 
form a thiostannate. Treatment of the solution of ammonium thiostannate with 
an acid yields a yellow precipitate of tin(IV) sulphide, SnS3. 


Sn2+ +H,S > SnS|+2H* 
SnS| +837 —> SnS37 
Sns? +2H* > SnS,|+H.S7 
Tin(II) sulphide is practically insoluble in solutions of caustic alkalis; hence, 
if potassium hydroxide solution is employed for separating Group IIA and 
Group IIB, the tin must be oxidized to the quadrivalent state with hydrogen 
peroxide before precipitation with hydrogen sulphide. 
2. Sodium hydroxide solution: white precipitate of tin(II) hydroxide, which is 
soluble in excess alkali: 
Sn?* +20H- æ Sn(OH)2! 
Sn(OH),)+20H æ [Sn(OH),]7~ 


With ammonia solution, white tin(II) hydroxide is precipitated, which can- 


not be dissolved in excess ammonia. 


chloride solution: a white precipitate of mercury(I) chloride 


3. Mercury(II) 
x amount of the reagent is added quickly : 


(calomel) is formed if a large 
Sn2+ +2HgCl, > Hg2Cl2} + §n** +2Cl~ 
re in excess, the precipitate turns grey, especially on 


If however tin(II) ions a 
er reduction to mercury metal: 


warming, owing to furth 
Sn2+ + Hg,Cl,| ~2He! + Sn** t 2C 
4. Bismuth nitrate and sodium h ydroxide solutions: black precipitate of bismuth 
metal (cf. Section II.9, reaction 5). 
S .. zinc: spongy tin is deposited which adheres to the zinc. If the zinc 
ee Se latinam foil, as described in Section III.15, reaction 4, and the 
solution is weakly acid, the tin is partially deposited upon the zinc in a spongy 
form but does not stain the platinum. The precipitate should be dissolved in 
concentrated hydrochloric acid and the mercury(II) chloride test applied. 
nitro-derivative of brucine, C,,H2,0,N;): viole 
colouration with stannous salts. The test solution should be acid (2M HCI), and 
if tin is in the quadrivalent state, it should be reduced previously with aluminium 


or magnesium, and the solution filtered. 
The following interfere with the test: 


6. Cacotheline reagent (a 


strong reducing agents (hydrogen 
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sulphide, dithionites, sulphites and selenites); V, U, Te, Hg, Bi, Au, Pd, Se, 
Te, Sb, Mo, W, Co and Ni. The reaction is not selective, but is fairly sensitive: 
it can be used in the analysis of the Group IIB precipitate. Since iron(II) ions 
have no influence on the test, it may be applied to the tin solution which has 
been reduced with iron wire. 

Impregnate some drop-reaction paper with the reagent and, before the paper 
is quite dry, add a drop of the test solution. A violet spot, surrounded by a less 
coloured zone, appears on the yellow paper. 

Alternatively, treat a little of the test solution in a micro test-tube with a few 
drops of the reagent. A violet (purple) colouration is produced. 

Sensitivity: 0-2 ug Sn. Concentration limit: 1 in 250,000. 
The reagent consists of a 0:25 per cent aqueous solution of cacotheline. 


7. Diazine green reagent (dyestuff formed by coupling diazotized safranine with 
dimethylaniline) : tin(II) chloride reduces the blue diazine green to the red 
safranine, hence the colour change is blue — violet > red. Titanium(III) 
chloride reacts similarly, but iron(II) salts and similar reducing agents have no 
effect. The reagent is therefore useful in testing for tin in the mixed sulphides of 
antimony and tin obtained in routine qualitative analysis. The solution of the 
sulphides in hydrochloric acid is reduced with iron wire, aluminium, or mag- 
nesium powder and a drop of the reduced solution employed for the test. 

Mix | drop of the test solution on a spot plate with | ml of the reagent. The 
colour changes from blue to violet or red. It is advisable to carry out a blank test. 

Sensitivity: 2 ug Sn. Concentration limit: 1 in 25,000. 
The reagent consists of a 0-01 per cent aqueous solution of diazine green. 


T1119 TIN, Sn (4,: 118-69) — TIN(IV) The properties of metallic tin were 
discussed at the beginning of Section III.18. 


Reactions of tin(IV) ions To study these reactions use a 0:25m solution of 
ammonium hexachlorostannate(IV) by dissolving 92 g (NH4)2[SnCl,]_in 
250 ml concentrated hydrochloric acid and diluting the solution to 1 litre with 
water. 


1. Hydrogen sulphide: yellow precipitate of tin(IV) sulphide SnS, from dilute 
acid solutions (0-3m). The precipitate is soluble in concentrated hydrochloric 
acid [distinction from arsenic(III) and mercury(I) sulphides], in solutions of 
alkali hydroxides, and also in ammonium sulphide and ammonium polysulphide. 
Yellow tin(IV) sulphide is precipitated upon acidification. 

Sn** +2H,S > SnS,)+4Ht 

SnS,|+S?~ > Sns3- 

SnS,|+2S3~ > SnS3~ +$2- 

SnS3~+2H* — Sns,t+H,S| 
á No precipitation of tin(IV) sulphide occurs in the presence of oxalic acid, 


ue to the formation of the stable complex ion of the t H,0)2]*" 
z c ype [Sn(C,0,4)4(H20)2 
this forms the basis of a method of separation of RR am tin. 


2. Sodium hydroxide solution: gelatinous white precipitate of tin(IV) hydroxide 
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Sn(OH),, soluble in excess of the precipitant forming hexahydroxostannate(IV) 


Sn*+ +40H7 > Sn(OH)4} 
Sn(OH),| +20H” = [Sn(O0H)s] 
With ammonia and with sodium carbonate solutions, a similar precipitate is 
obtained which, however, is insoluble in excess reagent. 


3. Mercury(II) chloride solution: no precipitate (difference from tin(II)). 


4. Metallic iron: reduces tin(IV) ions to tin(II): 


Sn*+ +Fe > Fe?* +Sn?* 


À If pieces of iron are added to a solution, and the mixture is filtered; tin(II) 
ions can be detected with mercury(1I) chloride reagent. A similar result is 
obtained on boiling the solution with copper or antimony. 


5. Dry tests a. Blowpipe test. All tin compounds when heated with sodium 
carbonate, preferably in the presence of potassium cyanide, on charcoal give 


white, malleable and metallic globules of tin which do not mark paper. Part o 


the metal is oxidized to tin(IV) oxide, especially on strong heating, which forms 


a white incrustation upon the charcoal. 


which has been coloured pale blue by a trace 


b. Borax bead test A borax bead Í pale b 1 
ed in the reducing flame if a minute quantity 


of copper salt becomes a clear ruby ri 
of tin in added. 


ATIONS: IRONI) AND (MI), ALUMINIUM, 


II1.20 THIRD GROUP OF C. 
NICKEL, COBALT, MANGANESE(II) AND 


CHROMIUM(ID AND (VD); 
(VID), AND ZINC NS 
Group reagent: hydrogen sulphide (gas or saturated aqueous so ution) in 

and ammonium chloride, or ammonium sulphide 


the presence of ammonia 
colours: iron(II) sulphide (black), 


solution. rated 
ion: ipitates of various © p | 

Group reaction: precip! droxide (green), nickel sulphide 
(II) sulphide (pink), and zinc 


aluminium hydroxide (white), chromium(III) hy 
Wlach), cobalt sulphide (black), manganes 
sulphi x 

aa this group by the group reagents for 
Groups I and II, but are all precipitated, in the presence of ammonium chloride, 
by hydrogen sulphide from their made alkaline with ammonia 
solution. The metals, with the exception of aluminium and chromium which are 
precipitated as the hydroxides owing Ehys lysis a the Sagas 
in aqueous solution, are precipitated as the sulphides. Iron, a uminium, an 
chromium (often accompanied by a little manganese 
the hydroxides by ammonia solution z ee Rs, 
whi the group remai be 
as ENS T aA pinned It is therefore usual to subdivide the group 
into the iron group (iron, aluminium, and chromium) or Group IIIA and the 
zinc group (nickel, cobalt, manganese, and zinc) or Group IIIB. 
‘A,: 55°85) - IRONGD Chemically pure iron is a silver- 
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white, tenacious, and ductile metal. It melts at 1535°C. The commercial metal 
is rarely pure and usually contains small quantities of carbide, silicide, phos- 
phide, and sulphide of iron, and some graphite. These contaminants play an 
important role in the strength of iron structures. Iron can be magnetized. Dilute 
or concentrated hydrochloric acid and dilute sulphuric acid dissolve iron, when 
iron(II) salts and hydrogen gas are produced. 


Fe+2H* > Fe?*+H,f 
Fe+2HCl > Fe?* +2Cl- +Hyf 


Hot, concentrated sulphuric acid yields iron(III) ions and suiphur dioxide: 
2Fe + 3H,SO,+6H* > 2Fe3*+ + 380, +6H,0 


With cold dilute nitric acid, iron(II) and ammonium ions are formed: 
4Fe+10H* +NO3 > 4Fe2*+ + NH4 +3H,0 


Cold, concentrated nitric acid renders iron passive; in this state it does not react 
with dilute nitric acid nor does it displace copper from an aqueous solution of a 
copper salt. 1+1 Nitric acid, or hot, concentrated nitric acid dissolves iron 
with the formation of nitrogen oxide gas and iron(II) ions: 


Fe+HNO,+3H* > Fe** +NO}+2H,O 


Iron forms two important series of salts. 

The iron(II) (or ferrous) salts are derived from iron(II) oxide FeO. In solution 
they contain the cation Fe?* and normally possess a slight-green colour. 
Intensively coloured ion-association and chelate complexes are also common. 
Iron(II) ions can be oxidized easily to iron(III); they are therefore strong re- 
ducing agents. The less acidic the solution the more pronounced this effect; in 
neutral or alkaline media even atmospheric oxygen will oxidize iron(II) ions. 
Tron(II) solutions must therefore be slightly acid when kept for a-longer time. 

Tron(II) (or ferric) salts are derived from iron(II) oxide Fe,03. They are 
more stable than the iron(II) salts. In their solution the pale-yellow Fe?+ 
cations are present; if the solution contains chloride, the colour becomes 
stronger. Reducing agents convert iron(III) ions to iron(II). 


Reactions of iron(II) ions Use a freshly prepared 0-5m solution of iron(II) 
sulphate FeSO,.7H,O or iron(II) ammonium sulphate (Mohr’s salt; 
FeSO,.(NH,),SO,.6H,0), acidified with 50 mlm H,SO, per litre, for the study of 
these reactions. 


1. Sodium hydroxide solution: white precipitate of iron(II) hydroxide, Fe(OH),, 
in the complete absence of air, insoluble in excess, but soluble in acids. Upon 
exposure to air, iron(II) hydroxide is rapidly oxidized, yielding ultimately 
reddish-brown iron(II) hydroxide. Under ordinary conditions it appears as a 
dirty-green precipitate; the addition of hydrogen peroxide immediately oxidizes 
it to iron(II) hydroxide. 
Fe?* +20H- => Fe(OH), | 
4Fe(OH), +2H,0+0, > 4Fe(OH),;| 
2Fe(OH), +H,0, > 2Fe(OH),| 
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2. Ammonia solution: precipitation of iron(II) hydroxide occurs (cf. reaction 1). 
If, however, larger amounts of ammonium ions are present, the dissociation of 
ammonium hydroxide is suppressed, (cf. Section I.15), and the concentration 
of hydroxyl ions is lowered to such an extent that the solubility product of 
iron(II) hydroxide, Fe(OH),, is not attained and precipitation does not occur. 
Similar remarks apply to the other divalent elements of Group III, nickel, 
cobalt, zinc and manganese and also to magnesium. 


3. Hydrogen sulphide: no precipitation takes place in acid solution since the 
sulphide ion concentration, [S?~ ], is insufficient to exceed the solubility product 
of iron(II) sulphide. If the hydrogen-ion concentration is reduced, and the 
sulphide-ion concentration correspondingly increased, by the addition of 
sodium acetate solution, partial precipitation of black iron(II) sulphide, FeS, 


occurs. 


4. Ammonium sulphide solution: black precipitate of iron(II) sulphide FeS, 
readily soluble in acids with evolution of hydrogen sulphide. The moist precipi- 
tate becomes brown upon exposure to air, due to its oxidation to basic iron(II) 
sulphate Fe,O(SO,)2. 
Fe?* +S?~ > FeS| 
FeS|+2H* — Fe?* +H,Sf 
4FES| +90, — 2Fe,0(SO,)21 

5. Potassium cyanide solution (POISON): yellowish-brown precipitate of 
iron(II) cyanide, soluble in excess reagent when a pale-yellow solution of 
hexacyanoferrate(II) (ferrocyanide) [Fe(CN).]*~ ions is obtained: 


Fe2+ +2CN~ > Fe(CN)2! 


Fe(CN),| +4CN™ > [Fe(CN).]*~ 
ferrate(II) ion being a complex ion does not give the typical 
The hierher ae ea ent in such solutions may be detected by 


i iron(II). The iron presi „soluti 
PEE E goes ion by boiling the solution with concentrated sulphuric 
acid ina fume cupboard with good ventilation, when carbon monoxide gasis formed 
(together with hydrogen cyanide, if potassium cyanide is present in excess): 

[Fe(CN),]*~ + 6H2S0, + 6H20 > Fe? ++ 6COT+6NH 4 + 6504- 

: i i ferrate(II) decomposes on 

le which contains alkali hexacyano (II) d 
ation o oh cane alkali cyanide, and nitrogen. By dissolving the residue 
in acid iron can be detected in the solution (all these operations must be carried 


out in a fume cupboard). 
i ion: in the complete absence of air a 
6. Pot cyanoferrate(II) solution: in t J 
white gamta EE iron(II) hexacyanoferrate(II) is formed: 
Fe[Fe(CN).]1 


Fe?t +2K* +[Fe(CN)6]*” >K: 7 i 
Under ordinary atmospheric conditions â pale-blue precipitate is obtained 
ct. reaction 7). 

a dark-blue precipitate is 


A ia otassium hexacyanoferrate (III) solution: 
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obtained. First hexacyanoferrate(III) ions oxidize iron(II) to iron(II), when 
hexacyanoferrate(II) is formed: 

Fe?* +[Fe(CN)]? > Fe** +[Fe(CN),]*7 
and these ions combine to a precipitate called Turnbull’s blue: 

4Fe?* + 3[Fe(CN).|*7 > Fe.[Fe(CN).]3 


Note, that the composition of this precipitate is identical to that of Prussian blue 
(cf. Section I1I.22, reaction 6). Earlier it was suggested that its composition was 
iron(II) hexacyanoferrate(III), Fe,[Fe(CN),],. hence the different name. The 
identical composition and structure of Turnbull's blue and Prussian blue has 
recently been proved by Méssbauer spectroscopy. The precipitate is decomposed 
by sodium or potassium hydroxide solution, iron(II) hydroxide being 
precipitated. 


8. Ammonium thiocyanate solution: no colouration is obtained with pure 
iron(II) salts (distinction from iron(III) ions). 


9. «,0’-Dipyridyl reagent 
NI y] 


=N N= 


deep-red complex bivalent cation [Fe(C,;H,N),]?* with iron(II) saits in mineral 
acid solution. Iron(III) ion does not react. Other metallic ions react with the 
reagent in acid solution, but the intensities of the resulting colours are so feeble 
that they do not interfere with the test for iron provided excess reagent is 
employed. Large amounts of halides and sulphates reduce the solubility of the 
iron(II) dipyridyl complex and a red precipitate may be formed. 

Treat a drop of the faintly acidified test solution with 1 drop of the reagent 
On a spot plate: a red colouration is obtained. Alternatively, treat drop- 
reaction paper (Whatman No. 3 M.M., Ist quality) which has been impregnated 
with the reagent and dried, with a drop of the test solution: a red or pink spot 
is produced. 

Sensitivity: 0-3 ug Fe?*. Concentration limit: 1 in 1,600,000. 
If appreciable quantities of iron(III) salts are present and traces of iron(II) 
salts are sought, it is best to carry out the reaction in a micro crucible lined with 
Paraffin wax and to mask iron(II) ions as [FeF,]>~ by the addition of a few 
drops of potassium fluoride solution. 

The reagent is prepared by dissolving 0:01 g «,o-dipyridyl in 0-5 ml alcohol 
or in 0-5 ml ©- Im hydrochloric acid, 


10. Dimethylglyoxime reagent: soluble red iron(II) dimethylglyoxime in 
ammoniacal solution. Iron(III) salts give no colouration, but nickel, cobalt, 
and large quantities of copper salts interfere and must be absent. The test may 
be carried out in the presence of Potassium cyanide solution in which nickel 
dimethylglyoxime (cf. Section III.27, reaction 8) dissolves. 

Mix a drop of the test solution with a small crystal of tartaric acid; introduce 


a drop of the reagent, followed by 2 drops ammonia solution. A red colouration 
appears. 


Sensitivity : 0-04 jg Fe2*, Concentration limit: 1 in 125,000. 
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The colouration fades on standing owing to the oxidation of the iron(II) 


complex. 
If it is desired to detect iron(III) ions by this test, they must first be reduced 


by a little hydroxylamine hydrochloride. 
The reagent consists of a | per cent solution of dimethylglyoxime in alcohol. 


1]. 0-Phenanthroline reagent 


EN N= 
red colouration, due to the complex cation [Fe(C, 2H,N,),]?* in faintly acid 
solution. Iron(III) has no effect and must first be reduced to the bivalent state 
with hydroxylamine hydrochloride if the reagent is to be used in testing for iron. 

Place a drop of the faintly acid test solution on a spot plate and add | drop of 
the reagent. A red colour is obtained. 


Concentration limit: 1 in 1,500,000. 
The reagent consists of a 0-1 per cent solution of o-phenanthroline in water. 


111.22 IRON, Fe (4,: 55°85) - IRONII) The most important characteristics 
of the metal have been described in Section 11.21. 


Reactions of iron(II) ions Use a 0-5M solution of iron(II) chloride 
FeCl, .6H,0. The solution should be clear yellow. If it turns brown, due to 
hydrolysis, a few drops of hydrochloric acid should be added. 


reddish-brown, gelatinous precipitate of iron(II) 


1. Ammonia solution: of ire 
xcess of the reagent, but soluble in acids. 


hydroxide Fe(OH);, insoluble in e 
Fe?+ +3NH;+3H20 > Fe(OH) 3] +3NHi 

The solubility product of iron(III) hydroxide is so small (3:8 x LO) that 

complete, precipitation takes place even in the presence of ammonium salts 

; cobalt, manganese, zinc, and magnesium). 


(distinction from iron(II), nickel, r c, an r 
Precipitation does not occur in the presence of certain organic acids (see reaction 


8 below). Iron(III) h droxide is converted on strong heating into iron(II) 
Eai ated patie is soluble with difficulty in dilute acids, but dissolves 
on vigorous boiling with concentrated hydrochloric acid. 


2Fe(OH),| > Fe203+3H20 
Fe,03 +6H* > 2Fe3* +3H,0 
precipitate of iron(III) hydroxide, 


xide solution: reddish-brown of 
from aluminium and chromium): 


2. Sodium hydro sh-bro 
he reagent (distinction 


insoluble in excess of t 
Fe3+ +30H~ > Fe(OH)s! 


3. Hydrogen sulphide gas: in acidic solution reduces iron(II) ions to iron(II) 
and sulphur is formed as a milky-white precipitate: 


2Fe3+ +H,S > 2Fe** +2H* +S] 
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If a neutral solution of iron(III) chloride is added to a freshly prepared, 
saturated solution of hydrogen sulphide, a bluish colouration appears first, 
followed by the precipitation of sulphur. The blue colour is due to a colloid 
solution of sulphur of extremely small particle size. This reaction can be used 
to test the freshness of hydrogen sulphide solutions. 

The finely distributed sulphur cannot be readily filtered with ordinary filter 
papers. By boiling the solution with a few torn pieces of filter paper the precipi- 
tate coagulates and can be filtered. 


4. Ammonium sulphide solution: a black precipitate, consisting of iron(II) 
sulphide and sulphur is formed: 


2Fe** +3S?- — 2FeS| +S] 
In hydrochloric acid the black iron(II) sulphide precipitate dissolves and the 
white colour of sulphur becomes visible: 
FeS|+2H* > H,St+Fe?* 
From alkaline solutions black iron(III) sulphide is obtained: 
2Fe** +3S?~ —> Fe,S,| 
On acidification with hydrochloric acid iron(III) ions are reduced to iron(II) 
and sulphur is formed: 
Fe,S,|+4H* > 2Fe?* +2H,ST+S] 
The damp iron(II) sulphide precipitate, when exposed to air, is slowly oxidized 
to brown iron(II) hydroxide: 
4FeS|+6H,0+30, > 4Fe(OH);!+4S] 


The reaction is exothermal. Under certain conditions so much heat may be 
produced that the precipitate dries out, and the filter paper, with the finely 
distributed sulphur on it, catches fire. Sulphide precipitates therefore shouid 
never be disposed of into a waste bin, but should rather be washed away under 
running water; only the filter paper should be thrown away. 


5. Potassium cyanide (POISON): when added slowly, produces a reddish- 
brown precipitate of iron(III) cyanide: 


Fe?* +3CN™ > Fe(CN),} 


In excess reagent the precipitate dissolves giving a yellow solution, when 
hexacyanoferrate(III) ions are formed: 


Fe(CN);|+3CN~ = [Fe(CN),]°> 


These reactions should be carried out in a fume cupboard, as the free acid 
present in the iron(III) chloride solution forms hydrogen cyanide gas with the 
reagent: 

H* +CN- > HCNT 


Iron(III) ions cannot be detected in a solution of hexacyanoferrate(III) with 
the usual reactions. The complex has to be decomposed first by evaporating 
with concentrated sulphuric acid or by igniting a solid sample, as described 
with hexacyanoferrate(II) (cf. Section II.21, reaction 5). 
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6. Potassium hexacyanoferrate(II) solution: intense blue precipitate of iron(II) 
hexacyanoferrate (Prussian blue): 

4Fe>* +3[Fe(CN),]*” > Fe,[Fe(CN)¢]3 
(cf. Section IITI.21, reaction 7). 

The precipitate is insoluble in dilute acids, but decomposes in concentrated 
hydrochloric acid. A large excess of the reagent dissolves it partly or entirely, 
when an intensive blue solution is obtained. Sodium hydroxide turns the 
precipitate to red, as iron(II) oxide and hexacyanoferrate(II) ions are formed: 


Fe,[Fe(CN)¢]3| + 120H™ > 4Fe(OH);| + 3[Fe(CN).]*~ 


Oxalic acid also dissolves Prussian Blue forming a blue solution; this process 
was once used to manufacture blue writing inks. 

If iron(III) chloride is added to an excess of potassium hexacyanoferrate(II) 
a product with the composition of KFe[Fe(CN),] is formed. This tends to 
form colloid solutions (‘Soluble Prussian Blue’) and cannot be filtered. 


7. Potassium hexacyanoferrate(III): a brown colouration is produced, due to 
the formation of an undissociated complex, iron(II) hexacyanoferrate(III): 


Fe?* +[Fe(CN),]>~ > Fe[Fe(CN).] 
Upon adding hydrogen peroxide or some tin(II) chloride solution, the hexa- 
cyanoferrate(III) part of the compound is reduced and Prussian blue is 
precipitated. 


8. Disodium hydrogen phosphate solution: a yellowish-white precipitate of 
iron(III) phosphate is formed: 
Fe?t +HPO2- — FePO,| +H* 


The reaction is reversible, because a strong acid is formed which dissolves the 
precipitate. It is advisable to add small amounts of sodium acetate, which acts 


as a buffer. 


a reddish-brown colouration is obtained, 


9. Sodium acetate solution: u in 
n with the composition 


attributed to the formation of a complex 10 
[Fe,(OH),(CH3COO),]*- The reaction 
3Fe3+ +6CH,COO +2H,0 2 [Fe3(OH),(CH3COO),]* +2H* 


because a strong acid is formed, which decomposes the 


leads to an equilibrium, S 
io a dded in excess, sodium acetate acts as a buffer and 


complex. If the reagent is a 
the reaction becomes complete. 

If the solution is diluted and b 
iron(III) acetate is formed: 


Fe.(OH),(CH;COO).]* +4H20 > 
[Fe (OH) (CH, tet , 3Fe(OH),CH,COO] + 3CH,COOH + H+ 


oiled, a reddish-brown precipitate of basic 


The excess of acetate ions acts again as a buffer and the reaction becomes 


complete. 


mnonium salt of nitrosophenylhydroxylamine, 
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C,H;N(NO)ONH,,: reddish-brown precipitate is formed in the presence of 
hydrochloric acid: 


Fe3+ +3C,H,N(NO)ONH, > Fe[C,H;N(NO)O];| + 3NH? 


The precipitate is soluble in ether. It is insoluble in acids, but can be decom- 
posed. by ammonia or alkali hydroxides, when iron(III) hydroxide precipitate 
is formed. 

The reagent is prepared by dissolving 2 g solid in 100 ml distilled water: it 
does not keep well. It is recommended that a piece of ammonium carbonate be 
placed in the stock bottle; this enhances the stability. 


11. Ammonium thiocyanate solution: in slightly acidic solution a deep-red 
colouration is produced (difference from iron(II) ions), due to the formation 
of a non-dissociated iron(III) thiocyanate complex: 


Fe?*+3SCN~ > Fe(SCN),; 


This chargeless molecule can be extracted by ether or amyl alcohol. Fluorides and 
mercury(II) ions bleach the colour because of the formation of the more stable 
hexafluoroferrate(III) [FeF,]>~ complex and the non-dissociated mercury(II) 
thiocyanate species: 


Fe(SCN),+6F~ > [FeF,]?~ +3SCN7 
2Fe(SCN), +3Hg?* —> 2Fe?* +3Hg(SCN), 


The presence of nitrites should be avoided for in acid solution they form 
nitrosyl thiocyanate NOSCN which yields a red colour, disappearing on heating, 
similar to that with iron (III). 

The reaction can be adapted as a spot test and may be carried out as follows. 
Place a drop of the test solution on a spot plate and add 1 drop of 1 per cent 
ammonium thiocyanate solution. A deep-red colouration appears. 

Sensitivity: 0:25 g Fe?*. Concentration limit: 1 in 200,000. 
Coloured salts, e.g. those of copper, chromium, cobalt, and nickel, reduce the 
sensitivity of the test. 


12. 7-Iodo-8-hydroxyquinoline-5-sulphonic acid (or ferron reagent) 
SO,H 
SS 


1 N 
OH 


green or greenish-blue colouration with iron(III) salts in faintly acid solution 
(pH 2:5-3-0). Iron(II) does not react: only copper interferes. 
Place a few drops of the slightly acid test solution in a micro test-tube and 
add | drop of the reagent. A green colouration appears. 
Sensitivity: 0-5 ug Concentration limit: 1 in 1,000,000. 


The reagent consists of a 0-2 per cent aqueous solution of 7-iodo-8-hydroxy- 
quinoline-5-sulphonic acid. 


13. Reduction of iron(III) to iron(II) ions In acid solution this may be 
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accomplished by various agents. Zinc or cadmium metal, or their amalgams 
(i.e. alloys with mercury) may be used: 


2Fe?t +Zn > Zn?* +2Fe?* 
2Fe3+ +Cd > Cd?* +2Fe** 
The solution will contain zinc or cadmium ions respectively after the reduction. 


In acid solutions these metals will dissolve further with liberation of hydrogen; 
they should therefore be removed from the solution once the reduction has been 


accomplished. 
Tin(II) chloride, potassium iodide, hydroxylamine hydrochloride, hydrazine 


sulphate, or ascorbic acid can also be used: 
2Fe?+ +Sn?* > 2Fe?* +Sn** 
2Fe3+ +217 > 2Fe?* +1, 
4Fe?t +2NH,0H > 4Fe2* +N,0+H,0+4H* 
4Fe3+ +N,H, > 4Fe?* +N, +4H* 
2Fe3* +C6Hg0O6 > 2Fe?* +C6H606 +2H* 
corbic acid being dehydroascorbic acid. 


the product of the reduction with as e 
) and sulphur dioxide gas reduce iron(II) 


Hydrogen sulphide (cf. reaction 3 
ions also: 
2Fe?+ +H,S > 2Fe”* +S} +2H* 
2Fe3* +SO,+2H,0 > 2Fe2* + S04 +4H* 


to iron(II): oxidation occurs slowly upon 
exposure to air. Rapid oxidation is effected by concentrated nitric acid, hydro- 
gen peroxide, concentrated hydrochloric acid with potassium chlorate, aqua 
regia, potassium perman ganate, potassium dichromate, and cerium(IV) sulphate 
in acid solution. 
4Fe?t +0, +4Ht > 4Fe?* +2H,0 
3Fe2+ + HNO; +3H* > NOt +3Fe?* +2H,0 
2Fe?* +H,0,+2H" > 2Fe?* +2H,0 
6Fe2* + ClO; +6H* > 6Fe?* + Cl" +3H,0 
2Fe?* +HNO3+ 3HCI > 2Fe?* + NOCIT + 2C17 +2H,0 
5Fe?* +MnOz + 8H* > 5Fe** + Mn?2* +4H,0 
Fe?* +Ce*t + Fet +Ce°* 


14. Oxidation of iron(II) ions 


d irons(III) ions Ironi) can be detected 
h gx -dipyridyl (cf. reaction 9, Section 1.21); the test is 
conclusive also in the presence of iron(II). In turn, iron(II) ions can be detected 
with ammonium thiocyanate solution (cf. reaction 11). It must be remembered 
that even freshly prepared solutions of pure iron(II) salts contain some iron(II1) 
and the thiocyanate test will be positive with these. If however iron(II) is 
reduced by one of the ways described in reaction 13, the thiocyanate test will 


become negative- 


15. Distinctive tests for iron(II) an 


most reliably wit 


When iron compounds are heated on 
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charcoal with sodium carbonate, grey metallic particles of iron are produced; 
these are ordinarily difficult to see, but can be separated from the charcoal by 
means of a magnet. 


b. Borax bead test With a small quantity of iron, the bead is yellowish-brown 
while hot and yellow when cold in the oxidizing flame, and pale green in the 
reducing flame; with large quantities of iron the bead is reddish-brown in the 
oxidizing flame. 


111.23 ALUMINIUM, Al (A,: 26:98) Aluminium is a white, ductile and 
malleable metal; the powder is grey. It melts at 659°C. Exposed-to air, aluminium 
objects are oxidized on the surface, but the oxide layer protects the object from 
further oxidation. Dilute hydrochloric acid dissolves the metal readily, dis- 
solution is slower in dilute sulphuric or nitric acid: 


2Al+6H* —> 2A13+ +3H,î 


The dissolution process can be speeded up by the addition of some mercury(II) 
chloride to the mixture. Concentrated hydrochloric acid also dissolves 
aluminium: 


2Al+6HCI > 2A1* +3H,1 +6Cl- 


Concentrated sulphuric acid dissolves aluminium with the liberation of sulphur 
dioxide: 


2Al+ 6H,SO, > 2Al?°+ +3802” +380, +6H,O 


Concentrated nitric acid renders the metal passive. With alkali hydroxides a 
solution of tetrahydroxoaluminate is formed: 


2Al+20H™ +6H,0 > 2[Al(OH),]" +3H,t 


Aluminium is tervalent in its compounds. Aluminium ions (Al?*) form 
colourless salts with colourless anions. Its halides, nitrate, and sulphate are 
water-soluble; these solutions display acidic reactions owing to hydrolysis. 
Aluminium sulphide can be prepared in the dry state only, in aqueous solutions 
it hydrolyses and aluminium hydroxide, Al(OH)3, is formed. Aluminium sul- 
phate forms double salts with sulphates of monovalent cations, with attractive 
crystal shapes; these are called alums. 


Reactions of aluminium( TII) ions Use a 0:33M solution of aluminium chloride, 
AlCl}, or a 0:166M solution of aluminium sulphate, Al,(SO,);.16H,O, or 
potash alum, K,SO,.A1,(SO,)3.24H,0, to study these reactions. 


1. Ammonia solution: white gelatinous precipitate of aluminium hydroxide, 
A1(OH)), slightly soluble in excess of the reagent. The solubility is decreased in the 
presence of ammonium salts. A small proportion of the precipitate passes into 
the solution as colloidal aluminium hydroxide (aluminium hydroxide sol): the sol 
is coagulated on boiling the solution or upon the addition of soluble salts (e.g. 
ammonium chloride) yielding a precipitate of aluminium hydroxide, known as 
aluminium hydroxide gel. To ensure complete precipitation with ammonia sol- 


ution, the aluminium solution is added in slight excess and the mixture boiled 
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until the liquid has a slight odour of ammonia. When freshly precipitated, it 
dissolves readily in strong acids and bases, but after boiling it becomes sparingly 
soluble: 


A+ +3NH,+3H,0 > Al(OH);| +3NHi 


2. Sodium hydroxide solution: white precipitate of aluminium hydroxide: 


Al + +30H7 > AI(OH);} 


The precipitate dissolves in excess reagent, when tetrahydroxoaluminate ions 
are formed: 
Al(OH);+OH™ > [Al(OH),]~ 

The reaction isa reversible one, and any reagent which will reduce the hydroxyl- 
ion concentration sufficiently should cause the reaction to proceed from right to 
left with the consequent precipitation of aluminium hydroxide. This may be 
effected with a solution of ammonium chloride (the hydroxyl-ion concentration is 
reduced owing to the formation of the weak base ammonia, which can be readily 
removed as ammonia gas by heating) or by the addition of acid; in the latter case 
a large excess of acid causes the precipitated hydroxide to redissolve. 


[AIOH),]° +NH4 > AI(OH);} +NH,1+H,0 
[AlOH).]~ +H* 2 Al(OH); | +H20 
Al(OH), +3H*| = A+ +3H20 
y solutions of sodium hydroxide 


The precipitation of aluminium hydroxide b ‘sodium hydroxic 
and ammonia does not take place in the presence of tartaric acid, citric acid, 
sulphosalicylic acid, malic acid, sugars, and other organic hydroxy compounds, 
because of the formation of soluble complex salts. These organic substances 
must therefore be decomposed by gentle ignition or by evaporating with con- 
centrated sulphuric or nitric acid before aluminium can be precipitated in the 


ordinary course of qualitative analysis. 


3. Ammonium sulphide solution: a white precipitate of aluminium hydroxide: 


2A1* +3827 +6H,0 > 2Al(OH) 3) + 3H2ST 


The characteristics of the precipitate are the sam 
reaction 2. 


e as mentioned under 


ition: no precipitate is obtained in cold, neutral solutions, 


4. Sodium acetate soli S an : tio 
nt, a voluminous precipitate of basic aluminium 


but on boiling with excess reage 
acetate Al(OH),CH,COO is formed: 


Al + +3CH;COO- +2H,0 > AI(OH),CH,COO} +2CH,COOH 


5. Sodium phosphate solution: white gelatinous precipitate of aluminium 


phosphate: 
AL* + HPO} 2 AIPO,}+H* 
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The reaction is reversible; strong acids dissolve the precipitate. However, the 
precipitate is insoluble in acetic acid (difference from phosphates of alkaline 
earths, which are soluble). The precipitate can also be dissolved in sodium 
hydroxide. 


6. ‘Aluminon’ reagent (a solution of the ammonium salt of aurine tricarboxylic 
acid) 


COONH, 
H, NOOC fn 
HO G 
o 
COONH, 


this dye is adsorbed by aluminium hydroxide giving a bright-red adsorption 
complex or ‘lake’. The test is applied to the precipitate of aluminium hydroxide 
obtained in the usual course of analysis, since certain other elements interfere. 
Dissolve the aluminium hydroxide precipitate in 2 ml 2m hydrochloric acid, 
add 1 ml 10M ammonium acetate solution and 2 ml 0:1 per cent aqueous 
solution of the reagent. Shake, allow to stand for 5 minutes, and add excess of 
ammoniacal ammonium carbonate solution to decolourize excess dyestuff and 
lakes due to traces of chromium(III) hydroxide and silica. A bright-red precipi- 
tate (or colouration), persisting in the alkaline solution, is obtained. 
Iron interferes with the test and should be absent. 


The reagent is prepared by dissolving 0:25 g of ‘aluminon’ in 250 ml of water- 


8. Alizarin reagent 


ie) OH 
E 
oO 


ted lake with aluminium hydroxide. 


Soak some quantitative filter (or drop-reaction) paper ina saturated alcoholic 
solution of alizarin and dry it. Place a drop of the acid test solution on the paper 
d hold it over ammonia fumes until a violet colour (due to ammonium alizari- 
nate) appears. In the presence of large amounts of aluminium, the colour is 
visible almost immediately. It is best to dry the paper at 100°C when the violet 
colour due to ammonium alizarinate disappears owing to its conversion into 
ammonia and alizarin: the red colour of the alizarin lake is then clearly visible. 
Sensitivity : 0:15 ug Al. Concentration limit: 1 in 333,000. 
Tron, chromium, uranium, thorium, titanium, and manganese interfere, but 
this may be obviated by using paper Previously treated with potassium hexa- 
cyanoferrate(II). The interfering ions are thus ‘fixed’ on the paper as insoluble 
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hexacyanoferrate(II)s, and the aluminium solution diffuses beyond as a damp 
ring. Upon adding a drop of a saturated alcoholic solution of alizarin, exposing 
to ammonia vapour and drying, a red ring of the alizarin-aluminium lake forms 
round the precipitate. Uranium hexacyanoferrate(II), owing to its slimy nature, 
has a tendency to spread outwards from the spot and thus obscure the alu- 
minium lake: this difficulty is surmounted by dipping the paper after the 
alizarin treatment in ammonium carbonate solution which dissolves the 
uranium hexacyanoferrate(II). 


8. Alizarin-S (or sodium alizarin sulphonate) reagent 


O OH 
Kon | 
A ~SO3Na 
o 


red precipitate or lake in ammoniacal solution, which is fairly stable to dilute 
acetic acid. 

Place a drop of the test solution (which has been treated with just sufficient of 
m sodium hydroxide solution to give the tetrahydroxoaluminate ion [Al(OH),]) 
on a spot plate, add 1 drop of the reagent, then drops of acetic acid until the 
violet colour just disappears and 1 drop in excess. A red precipitate or colouration 
appears. 

Sensitivity: 0-7 pg Al. Concentration limit: | in 80,000. 

A blank test should be made on the sodium hydroxide solution. Salts of Cu, Bi, 
Fe, Be, Zr, Ti. Co, Ce, rare earths, Zn, Th, U, Ca, Sr, and Ba interfere. 

The reagent consists of a 0'1 per cent aqueous solution of alizarin-S. 


9. Quinalizarin (or 1,2,5,8,-tetrah ydroxyanthraquinone ) reagent 


OH Q OH 
Cel, 
OH O 


n under the conditions given below. — 

Place a drop of the test solution upon the reagent paper; hold it for a short 
time over a bottle containing concentrated ammonia solution and then over 
glacial acetic acid until the blue colour (ammonium guinalizarinate) first formed 
disappears and the unmoistened paper regains the brown colour of free quin- 


alizarin. A red-violet or red spot is formed. ti panels 
Pee ait -0:005 pg Al (drop of 0:1 ml), Concentration limit: 1 in 2,000,000. 


The reagent paper is prepared by soaking quantitative filter paper in a solution 
obtained by dissolving 0:01 g quinalizarin in 2 ml pyridine and then diluting 


with 18 ml acetone. 


red precipitate or colouratio 


10. Dry tests (blowpipe test) Aluminium compounds when heated with 
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sodium carbonate upon charcoal in the blowpipe flame give a white infusible 
solid, which glows when hot. If the residue be moistened with one or two drops 
of cobalt nitrate solution and again heated, a blue infusible mass (Thenard’s 
blue, or cobalt meta-aluminate) is obtained. It is important not to use excess 
cobalt nitrate solution since this yields black cobalt oxide Co30, upon ignition, 
which masks the colour of the Thenard’s blue. 


2A1,03 +2Co** +4NO3; > 2CoAl,0,+4NO,1 +Oot 


An alternative method for carrying out this test is to soak some ashless filter 
paper in aluminium salt solution, add a drop or two of cobalt nitrate solution 
and then to ignite the filter paper in a crucible: the residue is coloured blue. 


III.24 CHROMIUM, Cr (4,: 51-996) — CHROMIUM(III) Chromium is a 
white, crystalline metal and is not appreciably ductile or malleable. It melts at 
1765°C, The metal is soluble in dilute or concentrated hydrochloric acid. If air 
is excluded, chromium(II) ions are formed: 


Cr+2H* > Cr?* +H,f 
Cr+2HCl > Cr?* +.2¢C1- + H,t 


In the presence of atmospheric oxygen chromium gets partly or wholly oxidized 
» to the tervalent state: 


4Cr** +0,+4H* > 4cr3+ +2H,0 


Dilute sulphuric acid attacks chromium slowly, with the formation of 
hydrogen. In hot, concentrated sulphuric acid chromium dissolves readily, 
when chromium(III) ions and sulphur dioxide are formed: 


2Cr+6H,SO, > 2Cr3+ +3502- + 3S0,1 +6H,0 


Both dilute and concentrated nitric acid render chromium passive, as does 
cold, concentrated sulphuric acid and aqua regia. 2 
In aqueous solutions chromium forms three types of ions: the chromium(II) 
and chromium(III) cations and the chromate (and dichromate) anion, in which 
chromium has an oxidation state of +6. A 
The chromium(II) (or chromous) ion (Cr*) is derived from chromium(II) 
oxide CrO. These ions form blue coloured solutions. Chromium(II) ions are 
rather unstable, as they are strong reducing agents — they decompose even water 
slowly with the formation of hydrogen. Atmospheric oxygen oxidizes them 
readily to chromium(III) ions. As they are only rarely encountered in inorganic 
qualitative analysis, they will not be dealt with here. 
Chromium(III) (or chromic) ions (Cr>*) are stable and are derived from 
dichromium trioxide (or chromium trioxide) Cr,O,. In solution they are either 
green or violet. In the green solutions the pentaquomonochlorochromate(III) 
[Cr(H,0),Cl]?* or the tetraquodichlorochromate(III) [Cr(H,O),Cl,]* complex 
1S present (chloride may be replaced by another monovalent cation), while in the 
violet solutions the hexaquochromate(III) ion [Cr(H,0),]** is present. 
Chromium(IM) sulphide, like aluminium sulphide, can be prepared only in dry; it 


hydrolyses readily with water to form chromium(III) hydroxide and hydrogen 
sulphide. 


In the chromate, Cro2- 


r { » or dichromate, Cr,O2-, anions chromium is 
hexavalent with an oxidation 


State of +6. These ions are derived from chromium 
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trioxide CrO,. Chromate ions are yellow while dichromates have an orange 
colour. Chromates are readily transformed into dichromates on addition of 
acid: 
2CrO32- +2H* æ Cr,03> +H,O0 

The reaction is reversible. In neutral (or alkaline) solutions the chromate ion is 
stable, while if acidified, dichromate ions will be predominant. Chromate and 
dichromate ions are strong oxidizing agents. Their reactions will be dealt with 
among the reactions of anions. (IV.33). 


Reactions of chromium(III) ions To study these reactions use a 0.33M solution 
of chromium(III) chloride CrCl; .6H,O or a 0:166M solution of chromium(III) 


sulphate Cr,(SO,4)3.15H,0. 


1. Ammonia Solution: grey-green to grey-blue gelatinous precipitate of 
chromium(III) hydroxide, Cr(OH);, slightly soluble in excess of the precipitant 
in the cold forming a violet or pink solution containing complex hexammine- 
chromate(III) ion; upon boiling the solution, chromium hydroxide is precipi- 
tated. Hence for complete precipitation of chromium as the hydroxide, it is 
essential that the solution be boiling and excess aqueous ammonia solution 


be avoided. 
Cr3+ +3NH; +3H,0 > Cr(OH); | +3NH4 
Cr(OH)3| +6NH3 > [Cr(NH3)6]°* +30H- 
In the presence of acetate ions and the absence of other tervalent metal ions, 
chromium(III) hydroxide is not precipitated. The precipitation of chromium(III) 
hydroxide is also prevented by tartrates and by citrates. 


2. Sodium hydroxide solution: precipitate of chromium(III) hydroxide 


Cr3+ +30H~ > Cr(OH)s! i 
the addition of acids the precipitate dissolves. In 


Th tion is reversible; on s 
cree dissolves readily, tetrahydroxochromate(III) ions 


excess reagent the precipitate 
(or chromite ions) being formed: 


Cr(OH),;+OH~ æ [Cr(OH).] 
een. This reaction is reversible; on (slight) acidification and 


droxide precipitates again. 
he alkaline solution of tetrahydroxo- 
btained, owing to the oxidation of 


The solution is green. 

also on boiling chromium(III) hy 

On adding hydrogen peroxide to t 

chromate(III), a yellow solution is O 
chromium(III) to chromate: 

2[Cr(OH)4]~ 4+3H,0,+20H > 2CrO2- +8H,0 
ing the excess of hydrogen peroxide by boiling, chromate 
fonsriney be identified in the solution by one of its reactions (cf. Section IV.33). 


3. Sodium carbonate solution: precipitate of chromium(III) hydroxide: 


2Cr3+ +3CO3~ 4+3H,0 > 2Cr(OH)3) +3CO>1 
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4. Ammonium sulphide solution: precipitate of chromium(III) hydroxide: 
2Cr** + 3S?- +6H,0 > 2Cr(OH)3| +3H,St 


5. Chromate test Chromium(III) ions can be oxidized to chromate in several 
ways. 

(a) Adding an excess of sodium hydroxide to a chromium(III) salt followed 
by a few ml of 6 per cent ('20-volume’) hydrogen peroxide (cf. reaction 2). The 


excess of hydrogen peroxide can be removed by boiling the mixture for a few 
minutes. 


(b) Hydrogen peroxide can be replaced by a little solid sodium perborate, 
NaBO,.4H,0 in experiment (a). Perborate ions, when hydrolysed, form hydro- 
gen peroxide. In alkaline medium this reaction can be written as: 

BO; +20H- > BO3- +H,0, 

(c) Oxidation can be carr 
(.e. by hypobromite): 

2Cr** + 30Br- +100H~ > 2Cr02- +3Br- + 5H,0 


The excess of bromine can be removed by the addition of phenol, which gives 
tribromophenol. 


(d) In acid solution chromium(III) ions can be oxidized by potassium 
(or ammonium) peroxodisulphate: 


2Cr** + 35,02- +8H,0 > 2CrOz + 16H* +6502- 


One drop of dilute silver nitrate has to be added to speed up the reaction. Silver 

ions act as catalysts. Halides must be absent; they can be removed easily by 

evaporating the solution with concentrated sulphuric acid until fumes of 

sulphur trioxide appear. After Cooling, the solution can be diluted and the test 

Carried out. The excess of Peroxodisulphate can be decomposed by boiling: 
282,05" +2H,0 > 4502- +4H+ +0,1 


ied out with bromine water in alkaline solution 


6. Identification of chromium aft idati A ied out 
idat; f er oxidation t ng carrie 
the oxidation with o chromate. Having 


1 one of the methods described under reaction 5, chromate 
10ns may be identified with one of the following tests: i 


a. Barium chloride test 


adding barium chloride s 
is formed: 


After acidify 


3 ing the solution with acetic acid and 
olution, a y 


ellow precipitate of barium chromate 
Ba** +CrO2- —» BaCrO,| 


CrO% +2H* 424 
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Chromium pentoxide has the following structure: 


Because of the two peroxide groups the compound is often called chromium 
peroxide. The name peroxochromic acid is less appropriate, because the com- 
pound does not contain hydrogen at all. In aqueous solution the blue colour 
fades rapidly, because chromium pentoxide decomposes to chromium(III) and 
oxygen: 


4CrO,+12H* > 4Cr3* +7031 +6H20 


c. Diphenylcarbazide test In dilute mineral acid solution diphenylcarbazide 
produces a soluble violet colour, which is a characteristic test for chromium. 
During the reaction chromate is reduced to chromium(II), and diphenyl- 
carbazone is formed; these reaction products in turn produce a complex with 


the characteristic colour: 


NH—NH—C,H; =N— C,H; 

C=0. +Cr0j-—— C=O +Cr?* +4H,0 
NH—NH—C,Hs N=N—C,H; 
diphenylcarbazide diphenylcarbazone 
N=N—CoHs N=N—C.Hs]?* 

co +Cr7* c—o Zo 
N=N—C.Hs N—N— CH, 


diphenylcarbazone-chromium(II) 
complex 


The reaction can be applied as a drop test for chromium; in this case the 
preliminary oxidation to chromate can also be made on the spot plate. 

Place a drop of the test solution in mineral acid on a spot plate, introduce a 
drop of saturated bromine water followed by 2-3 drops 2M potassium hydroxide 
(the solution must be alkaline to litmus). Mix thoroughly, add a crystal of 
phenol, then a drop of the diphenylcarbazide reagent, and finally M sulphuric 
acid dropwise until the red eee (om He aci Ba diphenylcarbazide 

i) di ars. A blue-violet colouration 1s obtained. 
at mates ys pg Cr. Concentration limit: 1 in 2,000,000. 

Alternatively, mix a drop of the acidified test solution on a spot plate with 
2 drops 0:1M potassium peroxodisulphate solution and 1 drop 0-IM silver 
nitrate solution, and allow to stand for 2-3 minutes. Add a drop of the diphenyl- 
carbazide reagent. A violet or red colour is formed. 

Sensitivity; 0°8 pg CT- Concentration limit- 1 in 600,000. ay 
The reagent consists ‘ofa 1 per cent solution of diphenylcarbazide in alcohol. 
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d. Chromotropic acid test. 1,8-dihydroxynaphthalene-3,6-disulphonic acid 
(or chromotropic acid) 


OH OH 


SO,H 


gives a red colouration (by transmitted light) with an alkali chromate in the 
presence of nitric acid. Chromium(III) salts may be oxidized with hydrogen 
peroxide and alkali to chromate, and then acidified with nitric acid before 
applying the test. The nitric acid serves to eliminate the influence of Fe, U, and 
Ti, which otherwise interfere. 

Place a drop of the test solution in a semimicro test-tube, add a drop of the 
reagent, a drop of dilute nitric acid (1: 1), and dilute to about 2 ml. Chromates 
give a red colouration: this is best observed with a white light behind the tube. 

The reagent consists of a saturated solution of chromotropic acid in water. 

Concentration limit: 1 in 5,000. 


7. Dry tests a. Blowpipe test All chromium compounds when heated with 
sodium carbonate on charcoal yield a green infusible mass of chromium(III) 
oxide Cr,0,. 


b. Borax bead test The bead is coloured green in both the oxidizing and 
reducing flames, but is not very characteristic. 


c. Fusion with sodium carbonate and potassium nitrate in a loop of platinum 
wire or upon platinum foil or upon the lid of a nickel crucible results in the 
formation of a yellow mass of alkali chromate. 


Cr2(SO,); + 5Na,CO; +3KNO, 
= 2Na,CrO, + 3KNO, + 3Na,SO,+5CO2t 


TII.25 OXOANIONS OF GROUP III METALS: CHROMATE AND 
PERMANGANATE The oxoanions of certain Group III metals, like chromate 
CrO% (and dichromate, Cr,03~) as well as permanganate MnO;, are reduced 
by hydrogen sulphide in hydrochloric acid media to chromium(III) and 
manganese(II) ions respectively. In the course of the systematic analysis of an 
unknown sample (cf. Chapter V) these anions will already be converted into 
the corresponding Group III cations when the separating process reaches this 
Stage. If therefore chromium(III) and/or manganese(II) are found, the initial 
oxidation states of these metals should be tested in the original sample. 

The reactions of these ions are described in Chapter IV; those of chromates 


and dichromates in Section TV.33, and the reactions of permanganates in 
Section IV.34, 


1.26 COBALT, Co (4,: 58-93) Cobalt is a steel 


? i agnetic 
metal. It melts at 149 Seer mag 


0°C. The metal dissolves readily in dilute mineral acids: 
Co+2H* > Co 4H} 
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The dissolution in nitric acid is accompanied with the formation of nitrogen 
oxide: 
3Co+2HNO,+6H* > 3Co?* +2NOT+4H,0 

In aqueous solutions cobalt is normally present as the cobalt(II) ion Co?* ; 
sometimes, especially in complexes, the cobalt(III) ion Co** is encountered. 
These two ions are derived from the oxides CoO and Co,0, respectively. The 
cobalt(II)-cobalt(III) oxide Co,0, is also known. 

In the aqueous solutions of cobalt(II) compounds the red Co?* ions are 
present. Anhydrous or undissociated cobalt(II) compounds are blue. If the 
dissociation of cobalt compounds is suppressed, the colour of the solution turns 


gradually to blue. 
Cobalt(III) ions Co** are unstable, but their complexes are stable both in 


solution and in dry form. Cobalt(II) complexes can easily be oxidized to 
cobalt(III) complexes. 


Reactions of the cobalt(II) ions The reactions of cobalt(II) ions can be studied 
with a 0:5M solution of cobalt(II) chloride CoCl,.6H,O or cobalt(II) nitrate 


Co(NO ),.6H,0. 


1. Sodium hydroxide solution: In cold a blue basic salt is precipitated: 


Co?* +OH- +NO; > Co(OH)NO,} 


(or sometimes merely upon addition of 


Upon warming with excess alkali 
(II) hydroxide 


excess reagent) the basic salt is converted into pink cobalt 
precipitate: 
Co(OH)NO;| +OH™” > Co(OH)2! + NO; 
Some of the precipitate however passes into solution. 
The hydroxide is slowly transformed into the br 
hydroxide on exposure to the air: 
4Co(OH),| +O2+2H20 > 4Co(OH);3! 


s readily soluble in ammonia or con- 
Its, provided that the mother liquor is 


ownish-black cobalt(III) 


Cobalt(II) hydroxide precipitate i 
centrated solutions of ammonium sa 


alkaline. 


in the absence of ammonium salts small amounts of 


2. Ammonia solution: 3 1 
It as in reaction |: 


ammonia precipitate the basic sa 
Co2+ +NH3+H,0+NO; > Co(OH)NO;] + NH4 


The excess of the reagent dissolves the precipitate, when hexamminecobaltate(I1) 


ions are formed: 
Co(OH)NO3! + 6NH; 


The precipitation of the b 
of ammonium ions are pres 


— [Co(NH3)6]?* +NO3 +OH™ 
asic salt does not take place at all if larger amounts 
ent, but the complex is formed in one step. 
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3. Ammonium sulphide solution: black precipitate of cobalt(II) sulphide from 
neutral or alkaline solution: 


Co** +S?> — CoS} 


The precipitate is insoluble in dilute hydrochloric or acetic acids (though 
precipitation does not take place from such media). Hot, concentrated nitric 
acid or aqua regia dissolve the precipitate, when white sulphur remains: 

3CoS|+2NHO,+6H* > 3Co2+ +3S|+2NO}+4H,0 
CoS|+HNO,+3HCl > Co?* +S) + NOCIf +2Cl- +2H,0 


On longer heatin: 


g the mixture becomes clear because sulphur gets oxidized 
to sulphate. 


4. Potassium cyanide solution (POISON): 
cobalt(II) cyanide: 


Co** +2CN- > Co(CN),| 


The precipitate dissolves in excess reagent; a brown solution of hexacyano- 
cobaltate(II) is formed: 


reddish-brown precipitate of 


Co(CN)2|+4CN- > [Co(CN),]*- 


On acidification in the cold with dilute hydrochloric acid the precipitate 
reappears: 


[Co(CN),]*- +4H* > Co(CN), | + 4HCNt 


Sole) boiled for a Icnger time in air, or if some hydrogen 
Peroxide is added and the solution heated, it turns yellow because hexacyano- 
Cobaltate(III) ions are fo : 


4[Co(CN),]* +0, +24 


20 > 4[Co(CN),]?- + 40H- 
2[Co(CN),]*- +1,0 


2 => 2[Co(CN),]?- + 20H- 


5. Potassium nitrite solution: ellow ipi i itrito- 
$ t hexanitrito 

cobaltate(III), K[Co(NO, ),] 34,0, ine 
Cot +7NO3 +2H* + 3K+ 


The test can be 
of cobalt(II 


The reaction is isti 
A also characteristic for i TRR $ 
‘ z potassium and . Nickel 
tons do not react if acetic acid is present for nitrite ions. Ni 
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appears owing to the formation of tetrathiocyanatocobaltate(II) ions: 
Co?* +4SCN™ —> [Co(SCN),]?~ 


If amy] alcohol or ether is added the free acid H,[Co(SCN),] is formed and 
dissolved by the organic solvent (distinction from nickel). The test is rendered 
more sensitive if the solution is acidified with concentrated hydrochloric acid, 


when the equilibrium 
2H* +[Co(SCN),]?~ = H2[Co(SCN),] 


shifts towards the formation of the free acid, which then can be extracted with 
amy] alcohol or ether. 

The reaction may be employed as a spot test as follows. Upon a spot plate, 
mix | drop test solution with 5 drops saturated solution of ammonium thio- 
cyanate in acetone. A green to blue colouration appears. 

Sensitivity: 0-5 pg Co. Concentration limit: 1 in 100,000. 

If iron is present mix 1-2 drops of the slightly acid test solution with a few 
milligrams of ammonium or sodium fluoride on a spot plate and then add 
5 drops saturated solution of ammonium thiocyanate in acetone. A blue 
colouration is produced. 

Sensitivity: 1 pg Co in the presence of 100 times that amount of Fe. 
Concentration limit: 1 in 50,000. 


7. «-Nitroso-B-naphthol reagent 
NO 


reddish-brown precipitate of slightly impure cobalt(III)-nitroso-B-naphthol 
.Co(C;oH¢O2N)s (a chelate complex) in solutions acidified with dilute hydro- 
chloric acid or dilute acetic acid: the precipitate may be extracted by carbon 


tetrachloride to give a claret-coloured solution. é 
The reagent consists of a 1 per cent solution of «-nitroso-B-naphthol in 50 


per cent acetic acid, or in ethanol, or in acetone. 
The technique for using the reaction as a spot test is as follows. Place a drop 
of the faintly acid test solution on drop-reaction paper, and add a drop of the 


reagent. A brown stain is produced Sa P 
PO A, : 0:05 pg Co. Concentration limit: 1 in 1,000,000. 


8. Sodium L-nitroso-2-hydroxyanphthalen-3: 6-disulphonate (nitroso-R-salt) 


reagent 
NO, 
E E 
NaO,S SO,Na 


ation. The test is applicable in the presence of nickel; tin and 
d should be removed; the colouration produced by iron is 


addition of an alkali fluoride. 


deep-red colour: 
iron interfere an 
prevented by the 
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Place a drop of the neutral test solution (buffered with sodium acetate) on a 
spot plate, and add 2-3 drops of the reagent. A red colouration is obtained. 
Concentration limit: 1 in 500,000. i } ’ 
The reagent consists of a | per cent solution of nitroso-R-salt in water. 


9. Dry tests a. Blowpipe test All cobalt compounds when ignited with 
sodium carbonate on charcoal give grey, slightly metallic beads of cobalt. If 
these are removed, placed upon filter paper, and dissolved by the addition of a 


few drops of dilute nitric acid, a few drops of concentrated hydrochloric acid 
added and the filter paper dried, the latter is coloured blue by the cobalt chloride 
produced. 


b. Borax bead test This gives a blue bead in both the oxidi 


flames. Cobalt metaborate Co(BO,),, or the complex salt 
formed. The presen 


zing and reducing 


Na,Co(BO,),, is 
ce of a large proportion of nickel does not interfere. 


10.27 NICKEL, Ni (4,;: 58:71) Nickel is a hard, silver-white metal, it is 

ductile, malleable and very tenacious. It melts at 1455°C. It is slightly magnetic. 
Hydrochloric acid (both dilute and concentrated) and dilute sulphuric acid 

dissolve nickel with the formation of hydrogen: 

Ni+2H* > Ni?*+ +H, 7 


Ni+2HCl > Ni?* +2¢]- +H,f 


These reactions accelerate if the solution is heated. Concentrated, hot sulphuric 
acid dissolves nickel with the formation of sulphur dioxide: 


Ni +H,S0, +2H* — Ni?* +S0,1+2H,0 


Dilute and concentrated nitric acid dissolve nickel readily in cold: 
3Ni+2HNO, +6H* > 3Nj2+ +2NO}+4H,O 


The stable nickel(II) salts are derived from nickel/‘I) oxide, NiO, which is a 
green substa Kel(II) salts are green, owing to the colour 
pate hexaquonickela X [Ni(H,0),]?*; in short however, this will 

eee as the simple nickel(II) ion Ni?*. A brownish-black nickel(III) 
oxide Ni,O, also ex ssolves in acids forming nickel(II) ions. With 
10n yields chlorine gas: 

*+Clt+3H,0 
Reactions of the nickel(I) ions For th i 05M 

ae | d © study of these reactions use a 

Solution of nickel Sulphate NiSO,.7H,0 or nickel chloride NiCl, .6H,0. 


` Breen precipitate of nickel(II) hydroxide: 


also dissolve the Precipitate: Sarral hydroxide ammonium salts will 
Ni(OH),| +6NH, — [Ni 
5 = NH 2+ = 
Ni(OH), | +6NHt +40H- ENA) 20H 


~ [NINH]? + 61,0 
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The solution of hexamminenickelate(II) ions is deep blue; it can be easily 
mistaken for copper(II) ions, which form the blue tetramminecuprate(II) ions 
in an analogous reaction (cf. Section III.10). The solution does not oxidize on 
boiling with free exposure to air or upon the addition of hydrogen peroxide 
(difference from cobalt). : 

The green nickel(II) hydroxide precipitate can be oxidized to black nickel(II) 
hydroxide with sodium hypochlorite solution: 

2Ni(OH),+CIO~ + H,0 > 2Ni(OH) | + C17 


Hydrogen peroxide solution however does not oxidize nickel(II) hydroxide, 
but the precipitate catalyses the decomposition of hydrogen peroxide to oxygen 
and water 

Ni(OH), 
2H,0, — C, 2H,0+ Ort 
without any other visible change. 


2. Ammonia solution: green precipitate of nickel(II) hydroxide: 
Ni2+ +2NH3+2H,0 > Ni(OH)2! +2NHj 


which dissolves in excess reagent: 
Ni(OH),| +6NH3 > [Ni(NH3)6]?* +20H™ 
ep blue (cf. reaction 1). If ammonium salts are present, no 


the solution turns de 
but the complex is formed immediately. 


precipitation occurs, 
3. Ammonium sulphide solution: black precipitate of nickel sulphide from 
neutral or slightly alkaline solutions: 

Ni2+ +S% > NiS} 

If the reagent is added in excess, a dark-brown colloidal solution is formed 
which runs through the filter paper. If the colloidal solution is boiled or if it is 
rendered slightly acid with acetic acid and boiled, the colloidal solution 
(hydrosol) is coagulated and can then be filtered. The presence of large quantities 
of ammonium chloride usually prevents the formation of the sol. Nickel sulphide 
is practically insoluble in cold dilute hydrochloric acid (distinction from the 
sulphides of manganese and zinc) and in acetic acid, but dissolves in hot con- 
centrated nitric acid and in aqua regia with the separation of sulphur: 

3NiS| +2HNO3+ 6H* > 3Ni27*+2NOT+ 3S} +4H,O0 
NiS} + HNO; + 3HCI > Ni’* +S} + NOCIT+2C17 +2H,0 
On longer heating sulphur dissolv 


es and the solution becomes clear: 
s} +2HNO; > S02- +2H* + 2NOÎ 
S| +3HNO; + 9HCI > S047 +6C1 + 3NOCIt + 8H* +2H,0 


ated aqueous solution): only part of the 
kel sulphide from neutral solutions; no 
from solutions containing mineral acid or much acetic 
acid. Complete precipitation occurs, however, from solutions made alkaline 
with ammonia solution, OT from solutions containing excess of alkali acetate 


made slightly acid with acetic acid. 


4. Hydrogen sulphide (gas or satur 
cipitated as nic 
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5. Potassium cyanide solution (POISON): green precipitate of nickel(II) 
‘cyanide 


Ni?* +2CN- > Ni(CN),| 


The precipitate is readily soluble in excess reagent, when a yellow solution 
appears owing to the formation of tetracyanonickelate(II) complex ions: 


Ni(CN),|+2CN> > [Ni(CN),]?- 


Dilute hydrochloric acid decomposes the complex, and the precipitate appears 
again. A fume cupboard with good ventilation must be used for this test: 


[Ni(CN),]?" +2H*  Ni(CN),| +2HCN} 


a black nickel( III) hydroxide precipitate 
is formed (difference from cobalt ions): 


2[Ni(CN),]?- + OBr- + 40H- + H20 > 2Ni(OH);) +8CN- + Br- 
Excess potassium cyanide and/or excess bromine water should be avoided, 
because these react with the formation of cyanogen bromide, which is poisonous 
and causes watering of the eyes: 


CN~+Br, > BrCNf+Br- 


6. Potassium nitrite solution: no Precipitate is produced in the presence of acetic 
acid (difference from cobalt). 


7. %-Nitroso-B-naphthol reagent (cf. Section III.26, reaction 7): brown pre- 
cipitate of composition Ni(C, 5H,O,N),, 


` which is soluble in hydrochloric acid 
(different from cobalt, which produces a reddish-brown precipitate, insoluble 
in dilute hydrochloric acid). 


8. Dimethylglyoxime reagent ( C,H,0,N, JIS 
yoxime from solutions just alkaline with a 


red precipitate of nickel dimethyl- 
with sodium acetate: 


mmonia or acid solutions buffered 


aiD 
Nit 42 CH—C=N—on pe fo Ne ie 
CH;—C=N—9y4 LEN z i 1 + 
HCE SN LON” ACH 
o 
Sao 


a a tion. The influence of 
Wwe must be oxidized to Fe t 
can be eliminated by the a ae 


rah by hydrogen peroxide) 
ddition of a tartrate. When large quantities of cobalt 
salts are present, they react with the dim 


and a special procedure 
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must. be adopted (see below). Oxidizing agents must be absent. Palladium, 
platinum, and gold give precipitates in acid solution. 

The reagent is prepared by dissolving 1 g dimethylglyoxime in 100 ml ethanol. 

The spot test technique is as follows. Place a drop of the test solution on drop- 
reaction paper, add a drop of the above reagent and hold the paper over 
ammonia vapour. Alternatively, place a drop of the test solution and a drop of 
the reagent on a spot plate, and add a drop of dilute ammonia solution. A red 
spot or precipitate (or colouration) is produced. 

Sensitivity: 0-16 ug Ni. Concentration limit: 1 in 300,000. 

Detection of traces of nickel in cobalt salts. The solution containing the 
cobalt and nickel is treated with excess concentrated potassium cyanide 
solution, followed by 30 per cent hydrogen peroxide whereby the complex 
cyanides [Co(CN),]°~ and [Ni(CN)4]* respectively are formed. Upon adding 
40 per cent formaldehyde solution the hexacyanocobaltate(III) is unaffected 
(and hence remains inactive to dimethylglyoxime) whereas the tetracyanato- 
nickelate(II) decomposes with the formation of nickel cyanide, which reacts 
immediately with the dimethylglyoxime. 


[Ni(CN),]?- +2HCHO > Ni(CN),| +2CH,(CN)O7 
Ni(CN),| +2C,H,0,N, > Ni(C,H,O.N2)3| +2HCNT 


9. Dry tests a. Blowpipe test All nickel compounds when heated with 
sodium carbonate on charcoal yield grey, slightly magnetic scales of metallic 
nickel. If these are placed upon a strip of filter paper, dissolved by means ofa 
few drops of nitric acid, a few drops of concentrated hydrochloric acid added 
and the filter paper dried by moving it back and forth in the flame or by placing 
it on the outside of a test-tube containing water which is heated to boiling point, 
the paper acquires a green colour owing to the formation of nickel(II) chloride. 
On moistening the filter paper with ammonia solution and adding a few drops 


dimethylglyoxime reagent, a red colour is produced. 


b. Borax bead test This is coloured brown in the oxidizing flame, due to the 
formation of nickel metaborate, Ni(BO,),, or of the complex metaborate 
Na,[Ni(BO,),], and grey, due to metallic nickel, in the reducing flame. 


: 54:938) - MANGANESE(II) Manganese is 
ue a ee eae to cast fae 4 melts at about 
1250°C. It reacts with warm water forming manganese(II) hydroxide and 
hydrogen: 

Mn+2H,0 > Mn(OH),| + Hot 
Dilute mineral acids and also acetic acid dissolve it with the production of 
manganese(II) salts and hydrogen: 
Mn+2H* > Mn? +HoT 
When it is attacked by hot, concentrated sulphuric acid, sulphur dioxide is 


evolved: 
Mn+2H,SO, > Mn?2* + S02- + SO, +2H2,0 
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i i known: MnO, Mn,0;, MnO,, MnO;, Mn,0,, 
Mo Tenn oxidation States +2, +3, +4, 
Mn,30,, is a manganese(II)- 


m the manganese(II1) 
ated with mineral acids, produces man- 
is used, chlorine is the by-product: 


Mn,03| +6HCI = 2Mn2+ +Cl,t+4Cl- + 3H,0 
With sulphuric acid, oxygen is formed: 
2Mn,0, +4H,SO, > 4Mn2+ 


MnO,|+4HCI > Mn2+ +Cl,t+2Cl- +2H,0 
2MnO,|+2H,SO, > 2Mn?* +0,t +2504- +2H,O 
Manganese(V1) compounds contain the manganate(VI) Mn0O2- aon, 
This is stable in alkaline solutions, and possesses a green colour, Upon neutral- 


ization a disproportionation reaction takes place; manganese dioxide precipi- 
tate and manganate(VII) (permanganate) ions are formed: 


3Mn07- +2H,0 >» MnO, | +2MnO; +40H- 


(VI) oxide is treated with acid 
ncentrated sulphuric acid, the 


2Mn0O, + 2H,S0, > 2Mn2+ 


If manganese! s, manganese(II) ions are produced. 
With hot, co 


reaction 


+20, +2802-+2H,0 


takes place, 
S Manganese(VII) compounds contain the manganate(VII) or permanganate 
n, MnOj. Alkali perm 


anganates are stable compounds, producing violet- 
coloured solutions. They are all strong oxidizing agents. 

In this section the Teactions of manganese(II) ions will be dealt with, while 
Teactions of Permanganates will be de: 
(1V.34), 


Scribed among the reactions of anions, 


dats a oka ions For the Study of these reactions a 0:25m . 
solution of manganese Il) chloride MnC] .4H,0 t 
MnSO,.4H,O can be used. IOS Seah Mea 
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1. Sodium hydroxide solution: an initially white precipitate of manganese(II) 
hydroxide: 
Mn?*+ +20H~ > Mn(OH),{ 

The precipitate is insoluble in excess reagent. The precipitate rapidly oxidizes 
on exposure to air, becoming brown, when hydrated manganese dioxide, 
MnO(OR),, is formed: 

Mn(OH),| +O, > MnO(OH),| 

Hydrogen peroxide converts manganese(II) hydroxide rapidly into hydrated 

manganese dioxide: 


Mn(OH),| +H,0, > MnO(OH),| + H2,0 


2. Ammonia solution: partial precipitation of (initially) white manganese(II) 
hydroxide: 

Mn?* +2NH,+2H,0 2 Mn(OH),| +2NHz 
The precipitate is soluble in ammonium salts, when the reaction proceeds 
towards the left. 


3. Ammonium sulphide solution: pink precipitate of manganese(II) sulphide: 


Mn2+ +S% + MnS} 
The precipitate also contains loosely-bound water. 
The precipitate is readily soluble in mineral acids (different from nickel and 
cobalt) and even in acetic acid (distinction from nickel, cobalt, and zinc): 


MnS|+2H* > Mn?* +H,S7 
MnS} +2CH,COOH > Mn?+* +H,St +2CH;COO™ 


tion: pink precipitate of manganese ammonium 


4. Sodium phosphate solu à 
7H,0, in the presence of ammonia (or ammonium 


phosphate Mn(NH,)PO,.- 
ions): 
Mn2+ +NH3+HPO?” > Mn(NH,)PO4! 


If ammonium salts are absent, manganese(II) phosphate is formed: 


3Mn2* +2HPO{ > Mn,(PO,4)2}+2H* 
Both precipitates are soluble in acids. 


concentrated nitric acid On boiling a dilute solution of 
free from hydrochloric acid and chlorides, with lead 
which yields the dioxide in the presence of nitric acid) and 
tric acid, diluting somewhat and allowing the suspended. 
solid containing unattacked lead dioxide to settle. the supernatant liquid 
acquires a violet-red (or purple) colour due to permanganic acid. The latter is 
decomposed by hydrochloric acid and hence chlorides should be absent. 


5PbO, +2Mn2* +4H* > 2MnOs +5Pb?* +2H,0 


5, Lead dioxide and 
manganese(II) ions, 
dioxide (or red lead, w 
a little concentrated ni 
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6. Ammonium or potassium peroxodisulphate Solid (NH,).S,0, or K,S20, 
is added to a dilute solution of manganese(II) ions, free of chloride. The 
solution is acidified with dilute sulphuric acid. 


2Mn?* +5S,02- +8H,0 > 2MnO; + 10SO7- + 16H* 


The solution must be dilute 


(max 0:02m), otherwise Manganese dioxide 
precipitate is formed. 


» and stir. Introduce a few mg solid ammonium 
peroxodisulphate and heat gentl 


y. The characteristic colour of permanganate 
appears. 
Sensitivity: 0-1 ug Mn. Concentration limit : 1 in 500,000. 


7. Sodium bismuthate (NaBiO,) When this solid is added to a cold solution 
of manganese(II) ions in dilu itri 


te nitric acid or in dilute sulphuric acid, the 
mixture stirred and excess reagent filtered off (preferably through glass wool or € 
sintered glass funnel), a solution of permanganate is produced, 


2Mn** + 5NaBiO, + 14H* 2MnO; + 5Bi*+ 4. 5Nat +7H,0O 


The spot-test technique is as follows. Place a drop of the test solution on a 


Spot plate, add a drop of concentrated nitric acid and then a little sodium 
bismuthate. The purp 


le colour of Permanganic acid appears, If the solution is 

So dark that the colour cannot be detected, dilute the mixture with water until 
the colour appears, 

Sensitivity ; 25 ug Mn (in 5 ml). Concentration limit: 1 in 200,000. 

Borax bead test 


s of manganese salts is violet whilst hot and amethyst-red 
larger amounts of manganese the bead is almost brown and 


for that of nickel, In the reducing flame the manganese bead 
St that due to nickel is grey. 


8. Dry tests a. 
by small amount 
when cold: with 
may be mistaken 
1S colourless whil 


b. Fusion test Fusion of any manganese compound with sodium carbonate 
and an oxidizing agent (potassium chlorate or Potassium nitrate) gives a green 
Mass of alkali Manganate. The test may be carried out either by heating upon a 
piece of Platinum foil with Potassium nitrate and sodium carbonate (if platinum 
Oil is not available, a piece of broken porcelain may be employed), or by fusing 
a bead of Sodium carbonate with a small quantity of the Manganese compound 
in the oxidizing flame and dipping the fused mass whilst hot into a little powdered 

Potassium chlorate or nitrate and reheating. 
MnSO, + 2KNO, + 2Na,CO, = Na, MnO, + 2KNO, + Na S0, +2CO,t 
3MnSO, + 2KCIO, + 6Na,CO, = 3Na,MnO, + 2K] +3Na,SO, + 6CO,t 
M1129 ZINC, Zn ( A, 65:38 
and ductile at 1 10-150°C, | 
e pure metal dissolve: 


) Zinc isa bluish-white metal; it is fairly malleable 
t melts at 410°C and boils at 906°C. 


The bead produced in the oxidizing flame - 
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few drops of the solutions of the salts of these metals, accelerates the reaction. 
This explains the solubility of commercial zinc. The latter dissolves readily in 
dilute hydrochloric acid and in dilute sulphuric acid with the evolution of 


hydrogen: 
Zn+2H* > Zn** +H,T 
Solution takes place in very dilute nitric acid, when no gas is evolved: 
4Zn+10H* +NO}; > 4Zn?* +NHj; +3H,0 
With increasing concentration of nitric acid, dinitrogen oxide (N,O) and 
nitrogen oxide (NO) are formed: 
4Zn+10H* +2NO; > 4Zn?* +N,Of+5H,0 
3Zn+8HNO; > 3Zn2* +2NOT+6NO; +4H,O 


Concentrated nitric acid has little effect on zinc because of the low solubility 
of zinc nitrate in such a medium. With hot, concentrated sulphuric acid, sulphur 


dioxide is evolved: 
Zn+2H,SO, > Zn** +SO,T + S04- +2H,0 
Zinc also dissolves in alkali hydroxides, when tetrahydroxozincate(II) is 
formed: 
Zn+2OH~ +2H,0 > [Zn(OH),]*~ + Hot 


Zinc forms one series of salts only; these contain the zinc(II) cation, derived 


.from zinc oxide, ZnO. 
Reactions of zinc ions A 0:25M solution of zinc sulphate ZnSO,.7H,O can 
be used to study these reactions. 


1. Sodium hydroxide solution: white gelatinous precipitate of zinc hydroxide: 
Zn2+ +20H~ æ Zn(OH)2! 
the precipitate is soluble in acids: 
Zn(OH);| +2H* = Zn** +2H,0 
and also in the excess of the reagent: 
` Zn(OH), +20H~ = [Zn(OH).]*~ 
Zinc hydroxide is thus an amphoteric compound. 


2. Ammonia solution: white precipitate of zinc hydroxide, readily soluble in 
excess reagent and in solutions of ammonium salts owing to the production of 
tetramminezincate(11). The non-precipitation of zinc hydroxide by ammonia 
solution in the presence of ammonium chloride is due to the lowering of the 
hydroxyl-ion concentration to such a value that the solubility product of 
Zn(OH), is not attained. 
ZN?* +2NH; +282 
Zn(OH),| +4NH3 2 [Zn(NH 


white precipitate of zinc sulphide, ZnS, from 


O 2 Zn(OH),| +2NH4 
3)a]?* + 20H” 


3. Ammonium sulphide solution: 
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neutral or alkaline solutions: it is in 


soluble in excess reagent, in acetic acid, 
and in solutions of caustic alkalis, 


but dissolves in dilute mineral acids. The 
precipitate thus obtained is partially colloidal: it is difficult to wash and tends 
to run through the filter Paper, particularly on washing. To obtain the zinc 
sulphide in a form which can be readily filtered, the Precipitation is conveniently 
carried out in boiling solution in the Presence of excess ammonium chloride, the 
precipitate is washed with dilute ammonium chloride solution containing a 
little ammonium sulphide. 


Zn2* +S$2- =» ZnS] 
4. Hydrogen sulphide: partial 


when the concentration of a 
sulphide-ion concentr 


Precipitation of zinc sul 
cid produced is abou 
ation derived from the hydro 


Zn?* +H,S 2 ZnS |+2H* 


Upon the addition of alkali acetate to the solution, 
tration is reduced because of the formation of the fee 
the sulphide-ion concentration is Correspondingly i 


is almost complete 
(bers +H2S+2CH,COO- >» ZnS| +2CH,COOH 


Zinc sulphide is also Precipitated from alkaline solutions of tetrahydroxo- 
zincate: 


[Zn(0H),]?- 


the hydrogen-ion concen- 
bly dissociated acetic acid, 
ncreased, and precipitation 


+H3S > ZnS| +20H- +2H,0 

5. Disodium hydrogen Phosphate solution: white precipitate of zine phosphate: 
3Zn?* +2HPO2- = Zn;(PO,),| +2H+ 

In the presence of ammonium io 

Zn?* + NH} + HPQ2- 


Both preci 
Al 


ns zinc ammonium phosphate is formed: 
= Zn(NH,)PO,| +H* 

Pitates are soluble in dilute 
So, both precipitates are 


Zn3(PO,).+ 12NH 
Zn(NH,)PO 


acids, when the reactions are reversed. 
soluble in ammonia: 


3 > 3[Zn(NH,),]?* +2P03- 

4+3NH, > [Zn(NH,),]?* + HPO2- 

6. Potassium exaeyanoferrate( 11) solution: white precipitate of variable 

composition; if the reagent is added in some excess th iti the 

Precipitate is K,Zn3[Fe(CN),], : Sth Re 
3Zn?+ 49K+ +2[Fe(CN),]*- 

The Precipitate j 

hydroxide: 


[Fe(CN),]*- + 3[Zn(OH),]2- +.2K+ 


be used to distinguish zinc from aluminium. 
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7. Quinaldic acid reagent (quinoline-a-carboxylic acid, C} HN. COH) Upon 
the addition of a few drops of the reagent to a solution of a zinc salt which is 
faintly acid with acetic acid, a white precipitate of the zinc complex 
Zn(C,o9H,NO;)2.H,O is obtained. The precipitate is soluble in ammonia 
solution and in mineral acids, but is reprecipitated on neutralization. Copper, 
cadmium, uranium, iron, and chromium ions give precipitates with the reagent 
and should be absent. Cobalt, nickel, and manganese ions have no effect. This 
is an extremely sensitive test for zinc ions, and is a useful confirmatory test for 
zinc isolated from the Group IIIB separation. The reagent is, however, 
expensive. The reaction is best carried out on the semimicro scale or as a spot 
test. 

The reagent is prepared by neutralizing 1 g quinaldic acid with sodium 
hydroxide solution and diluting to 100 ml. 


8. Ammonium tetrathiocyanatomercurate(II)—copper sulphate test. The faintly 
acid (sulphuric acid or acetic acid) solution is treated with 0:1 ml 0:25m copper 
sulphate solution, followed by 2 ml ammonium tetrathiocyanatomercurate(II) 
reagent. A violet precipitate is obtained. The test is rendered still more sensitive 
by boiling the mixture for | minute, cooling and shaking with a little amyl 
alcohol: the violet precipitate collects at the interface. Iron salts produce a red 
colouration; this disappears when a little alkali fluoride is added. 

Copper salts alone do not form a precipitate with the ammonium tetrathio- 
cyanatomercurate(II) reagent, whilst zinc ions, if present alone. form a white 


precipitate: 
Zn?” +[Hg(SCN)q]?~ = Zn[Hg(SCN).] 


In the presence of copper ions, the copper complex coprecipitates with that of 
zinc, and the violet (or blackish-purple) precipitate consists of mixed crystals 
of Zn[ Hg(SCN),] + Cu[Hg(SCN).]. 

The ammonium tetrathiocyanatomercu 
dissolving 8 g mercury(II) chloride and 9g 


water. à ; : 
Place a drop or two of the test solution. which is slightly acid (preferably with 
sulphuric acid), on a spot plate, add 1 drop 0:25M copper sulphate solution and 
1 drop ammonium mercurithiocyanate reagent. A violet (or blackish-purple) 
ipitat ears. 
Sain be conducted in a semimicro test-tube; here 0:3-0:5 ml 


The reaction may also in ' 
amy] alcohol is added. The violet precipitate collects at the interface. 


Concentration limit: 1 in 10,000. 


rate(Il) reagent is prepared by 
ammonium thiocyanate in 100 ml 


The test depends upon the production of Rinmann’s 
CoZnO,) by heating the salts or oxides of zinc and 
avoided for it leads to a red-brown 
produces a darkening of colour. 
d by converting the zinc into the 


9. Rinmann’s green test 
green (largely cobalt zincate 1 
cobalt. An excess of cobalt(II) oxide must be 
colouration: oxidation to cobalt(III) oxide 
Optimum experimental conditions are obtaine 


hexacyanocobaltate(II1). 

3K* + [Co(CN)6]*~ ene 
zinc oxi 
of cobalt zincate. W 


= KZn[Co(CN),] +2K™ 


ay balt(II) oxide in the correct 
Ignition of the latter leads to de and cobal = 
Proportion for the formation hilst carbon from the filter 
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paper (see below) prevents the formation of cobalt(III) oxide. All other metals 
must be removed. 


Place a few drops of the neutral 
cyanocobaltate(III) (or cobalticyanide. Rinmann’s green’ 
paper over a flame and ignite in 
against a white background: Part of it will be green. 

Sensitivity: 0:6 ug Zn. Concentration limit: 1 in 3,000. 

The potassium hexacyanocobaltate( III) (or Cobalticyanide) test paper is 
prepared by soaking drop-reaction Paper or quantitative filter Paper ina solution 
containing 4 g potassium hexacyanocobaltate(III) and | g potassium chlorate 


in 100 ml water, and drying at room temperature or at 100°C. The paper is yellow 
and keeps well. 


azone) forms complexes with 
can be extracted with carbon tetrachloride. The 


utral, alkaline or acetic acid solutions, is red: 


CcHs 
NH—NH 
2s=C +Zn** —_, 
N=N 
CoHs 
CH; H; 
e P s Co ne 
itt AS She 2 T 
S | na Ne=s+2m* 
N=N N=NH 
A 
CcHs CH, 


u**, and Pd?+ ions interfe 
ee and shaking, the aqueous Phase turns to red also. This reaction is 
Characteristic for zinc sitivity of the test is 
less.) > 

Limit of detection: in neutral i 

i : med 8 OY ve 
sodium hydroxide medium: 0:9 ug Zn2* pe une te 
ae can be applied in the presence of 2,000 times those amounts of Ni 

The reagent is fre. hl: i i ithi i 
wa vee Y Prepared by dissolving 1-2 g of dithizone in 100 ml 


in acetic acid or 
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An alternative method is to soak a piece of ashless filter paper in the zinc salt 
solution, add | drop cobalt nitrate solution and to ignite in a crucible or ina coil 
of platinum wire. The residue is coloured green. 


III.30 FOURTH GROUP. OF CATIONS: BARIUM, STRONTIUM. AND 
CALCIUM 
Group reagent: \m solution of ammonium carbonate. 
The reagent is colourless, and displays an alkaline reaction because of 


hydrolysis: 

CO?" +H,0 2 HCO; +OH™ 
The reagent is decomposed by acids (even by acetic acid). when carbon dioxide 
gas is formed: 

CO2- +2CH,COOH > CO,t+H,0+2CH,COO™ 


The reagent has to be used in neutral or slightly alkaline media. 

Commercial ammonium carbonate always contains ammonium hydrogen 
carbonate (NH,HCO;) and ammonium carbamate NH,O(NH,)CO. These 
compounds have to be removed before attempting the group reaction as the 
the alkaline earth salts of both are soluble in water. This can be done by boiling 
the reagent solution for a while; both ammonium hydrogen carbonate and 
ammonium carbamate are converted to ammonium carbonate in this way: 


2HCO; + CO} +CO,1+H20 


me) 


N 


N 
C=0+H,0 > NH +C057 


H,N 
Group reaction: cations of the fourth group react neither with hydrochloric 
acid, hydrogen sulphide nor ammonium sulphide, but ammonium carbonate 
(in the presence of moderate amounts of ammonia or ammonium ions) forms 
white precipitates. The test has to be carried out in neutral or alkaline solutions. 
In the absence of ammonia or ammonium ions, magnesium will also be pre- 
cipitated. The white precipitates formed with the group reagent are: barium 
carbonate BaCO}, strontium carbonate SrCO,, and calcium carbonate CaCO3. 
The three alkaline earth metals decompose water at different rates, forming 
hydroxides and hydrogen gas. Their hydroxides are strong bases, although with 
different solubilities: barium hydroxide is the most soluble, while calcium 
hydroxide is the least soluble among them. Alkaline earth chlorides and nitrates 
are very soluble; the carbonates, sulphates, phosphates, and oxalates are 
insoluble. The sulphides can be prepared only in the dry; they all hydrolyse in 


water, forming hydrogen sulphides and hydroxides, e.g. 


2BaS+2H,0 > 2Ba2* +2SH +20H~ 
ion i less solutions. 
n is coloured, the salts form colour ] 

pas Aline earth ions behave very similarly to each other in aqueous 
solutions, it is very difficult to distinguish them and especially to separate them. 
There are however differences in the solubilities of some of their salts in non- 
aqueous media. Thus. 100 g anhydrous ethanol dissolve 12:5 g calcium chloride, 
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trontium chloride, and only 0-012 g barium chloride (all anhydrous 
SS One hundred grams of a 1:1 mixture diethyl ether and anhydrous 
ethanol dissolve more than 40 g anhydrous calcium nitrate, the solubilities of 


anhydrous strontium and barium nitrates in this solution are negligible. These 
differences can be utilized for separations. 


1.31 BARIUM, Ba (4,: 137-34) Barium is a silver. 
ductile metal, which is stable in dry air. It reacts with 
forming oxide or hydroxide. It melts at 710°C. It rea 
temperature forming barium hydroxide and hydrogen 


Ba+2H,0 > Ba?* +H,}+20H- 


-white, malleable and 
the water in humid air 
cts with water at room 


Dilute acids dissolve barium readily with the evolution of hydrogen: 
Ba+2H* > Ba?*++H,t 


Barium is bivalent in its salts forming the barium(II) cation Ba 
and nitrate are soluble, but on adding concentrated hydrochlori 
to barium solutions, barium chloride or nitrate may precipitate 


Reactions of barium ions U 
or barium nitrate Ba(NO;), 


2* Its chloride 
c or nitric acids 
out. 


se a 025M solution of barium chloride BaCl, .2H,O 
for the study of these reactions. 


1. Ammonia solution: no precipitat 

tively high solubil 

carbon dioxide is 
A slight turbi 

amounts of am: 


e of barium hydroxide because of its rela- 
ity. If the alkaline solution is exposed to the atmosphere, some 
absorbed anda turbidity, due to barium carbonate, is produced. 
dity may occur when adding the reagent; this is due to small 
monium carbonate, often present in an aged reagent. 

Ammonium car. 


2. 1 bonate solution: white precipitate of barium carbonate, 
soluble in acetic acid and in dilute mineral acids. 


Ba?* + C03- ., BaCO,| 


The precipitate is slightly soluble in Solutions of ammonium salts of strong 
acids. 


3. Ammonium oxalate solution: white 
slightly soluble in water (0:09 


by hot dilute a 


Precipitate of barium oxalate Ba(COO),, 
cetic acid (dist 


Sper litre; K, = 1-7 x 10-7), but readily dissolved 
inction from calcium) and by mineral acids. 


Ba’* +(COOQ)3- = Ba(COO), | 


4. Dilute sulphuric acid: 
sulphate BaSO,, 


B 
BaSO,|+H 
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If barium sulphate is boiled with a concentrated solution of sodium carbonate, 
partial transformation into the less soluble barium carbonate occurs in accor- 
dance with the equation: 


BaSO,| +CO3~ = BaCO;| + S047 


Owing to the reversibility of the reaction, the transformation is incomplete. 
Barium sulphate precipitate may also be dissolved in a hot 3 to 5 per cent sol- 
ution of disodium ethylenediamine tetraacetate (Na,EDTA) in the presence of 


ammonia. 


5. Saturated calcium sulphate solution: immediate white precipitate of barium 
sulphate. A similar phenomenon occurs if saturated strontium sulphate reagent 


is used. 
The explanation of these reactions is as follows: of the three alkaline earth 


sulphates barium sulphate is the least soluble. In the solutions of saturated 
calcium or strontium sulphate the concentration of sulphate ions is high enough 
to cause precipitation with larger amounts of barium, because the product of 
ion concentrations exceeds the value of the solubility product: 


SO2- +Ba?* = BaSO,| 
6. Potassium chromate solution: a yellow precipitate of barium chromate, 
practically insoluble in water (3:2 mg €7', K, = 1:6 x 107 Loji 


Ba?t +CrO2~ + BaCrO,ļ 


The precipitate is insoluble in dilute acetic acid (distinction from strontium and 


calcium), but readily soluble in mineral acids. 
The addition of acid to potassium chromate solution causes the yellow colour 


of the solution to change to reddish-orange, owing to the formation of 
dichromate: ; 
2CrO2> + 2H* = Cr,0}° +H,0 

The solubility products for SrCrO, and CaCrO, are much larger than for 
BaCrO, and hence they require a larger CrOZ7 ion concentration to precipitate 
them. The addition of acetic acid to the KCrO, solution lowers the CrO47 
ion concentration sufficiently to prevent the precipitation of SrCrO, and 
CaCrO, but it is maintained high enough to precipitate BaCrO,. 


7. Sodium rhodizonate reagent 


Co-—CO—C.ONa ) 

$ 
( OOC .ONa 
itate of the barium salt of rhodizonic acid in neutral 
lts do not interfere; strontium salts react 
like those of barium, but only the precipitate due to the former is completely 
soluble in dilute hydrochloric acid. Other elements, e.g. those precipitated by 
hydrogen sulphide and by ammonium sulphide, should be absent. The reagent 


should be confined to testing for elements in Group IV. 


reddish-brown precip! t 
solution. Calcium and magnesium sa 
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i i lution upon drop-reaction 
drop of the neutral or faintly acid test sol c i 
A adda drop of the reagent. A brown or reddish-brown spot is obtaine 
Sensitivity : 0:25 ug Ba. Concentration limit: 1 in 200,000. 


ium is present. If barium is absent, the spot 
disappears. 


Sensitivity: 0-5 ug Ba in the presence of 50 times that amount of Sr. 
Concentration limit: 1 in 90,000. 


) Barium salts, when heated in the non- 
, impart a yellowish-green colour to the flame. Since 
» with the exception of the chloride, are non-volatile, the 

i h concentrated hydrochloric acid before being 
dipped into the substance. The Sulphate is first reduced to the sulphide in toe 
reducing flame, then moistened with concentrated hydrochloric acid, an 
reintroduced into the flame 


1.32 STRONTI 
and ductile metal, 


UM, Sr (4,: 87:62) Strontium is a silver-white, malleable 
It melts at 771°C, Its properties are similar to those of barium. 


Reactions of strontium ions For the stu 


dy of these reactions a 0:25M solution 
of strontium chloride SrCl, .6H,0 or st 


Tontium nitrate Sr(NO3), can be used. 
1. Ammonia solution: no precipitate. 


2 Ammonium carbonate solution: 
Sr?*t + C02- _, SrCO,]| 


Strontium carbonate i 
otherwise its ch 


with acids) are 


white precipitate of strontium carbonate: à 


S somewhat less soluble than barium carbonate; 
aracteristics (slight solubilit 


y in ammonium salts, decomposition 
similar to those of the latter. 
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It is almost completely converted into the corresponding carbenate by boiling 
with a concentrated solution of sodium carbonate: 


SrSO, + COZ” = SrCO3| +S02- 


Strontium carbonate is less soluble than strontium sulphate (solubility: 5-9 mg 
SrCO; €~', K, = 1:6 x 107° at room temperature). 

After filtering the solution the precipitate can be dissolved in hydrochloric 
acid, thus strontium ions can be transferred into the solution. 


4. Saturated calcium sulphate solution: white precipitate of strontium sulphate, 
formed slowly in the cold but more rapidly on boiling (distinction from barium). 


5. Ammonium oxalate solution: white precipitate of strontium oxalate 


Sr?* +(COO)3- > Sr(COO),| 


The precipitate is sparingly soluble in water (0:039 g £t, K, = 5x 1078). 
Acetic acid does not attack it; mineral acids however dissolve the precipitate. 


6. Potassium chromate solution: yellow precipitate of strontium chromate: 


Sr?* +CrO2- => SrCrO,] 
The precipitate is appreciably soluble in water (1-2 g £71, K, = 3-5 x 1075), no 
precipitate occurs therefore in dilute solutions of strontium. The precipitate is 
soluble in acetic acid (distinction from barium) and in mineral acids, for the 
same reasons as described under barium (cf. Section III.31, reaction 6). 


7. Sodium rhodizonate reagent: reddish-brown precipitate of strontium rhodi- 
zonate in neutral solution. The test is applied to the elements of Group IV. 
Barium reacts similarly and a method for the detection of barium in the presence 
of strontium has already been described (Section III.31, reaction 7). To detect 
strontium in the presence of barium, the latter is converted into the insoluble 
barium chromate. Barium chromate does not react with sodium rhodizonate, 
but the more soluble strontium chromate reacts normally. 

Af barium is absent, place a drop of the neutral test solution on drop-reaction 
paper or on a spot plate, and add a drop of the reagent. A brownish-red colour- 
ation or precipitate is produced. pAs 

Sensitivity: 4 ug Sr. Concentration limit: 1 in 13,000. ee 

If barium is present, proceed as follows. Impregnate some quantitative filter 
paper or drop-reaction paper with a saturated solution of potassium chromate, 
and dry it. Place a drop of the test solution on this paper and, after a minute, 
place 1 drop of the reagent on the moistened spot. A brownish-red spot or ring 


is formed. A 
Sensitivity: 4ug Sr in the presence of 80 times that amount of Ba. 


Concentration limit: 1 in 13,000. 
For further details of the reagent, see Section III.31, reaction 7. 


8. Anhydrous ethanol and ether: a 1+1 mixture of these solvents does not 
dissolve anhydrous strontium nitrate, but does dissolve anhydrous strontium 
chloride. The test can be utilized for the separation of calcium, strontium, and 


barium. 
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The test can be carried out as follows: precipitate strontium as the carbonate. 
Filter the precipitate, dissolve one part of it in hydrochloric acid, another in 
nitric acid. Evaporate the two solutions on separate watch-glasses to dryness, 


heat the residue to 180°C for 30 minutes, and try to dissolve the residues in a few 
millilitres of the solvent. 


9. Dry test (flame colouration) Volatile strontium compounds, especially the 
chloride, impart a characteristic carmine-red colour to-the non-luminous 
Bunsen flame (see remarks under Barium). 


111.33 CALCIUM, Ca (4,: 40:08) Calcium is a silver-white, rather soft metal. 
It melts at 845°C. It is attacked by atmospheric oxygen and humidity, when 
calcium oxide and/or calcium hydroxide is formed. Calcium decomposes water 
forming calcium hydroxide and hydrogen. 

Calcium forms the calcium(II) cation Ca2+ 


normally white powders and form colourless solutions, unless the anion is 
coloured. Solid calcium chloride i i 


Reactions of calcium ions To study these reacti WS i i 
chloride ne O aE eae ly €actions a 0:5M solution of calcium 


wit mm eet. Do pretipitate, as calcium hydroxide is fairly soluble. 
t recipitant a turbidity May occur owing to the formation of 
calcium carbonate (cf. Section 111.31, reaction 1). Š 


2 Ammonium carbonate olutių i ipi 
solution: i 
: on: white amorphovs precipitate of calc 


Ca?t + CO3- _, CaCO; | 


On boiling the precipi s z j 4 

; ecipitate becomes crystalline. The precipitate is soluble in 
water which contains excess carbonic acid (e.g. freshly prepared soda water), 
calcium hydrogen carbonate: 


+2HCO; 


use of the formation of soluble. 
CaCO, | + H,0+CO, 2 Ca?+ 
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The precipitate dissolves in hot, concentrated sulphuric acid: 
CaSO, +H,SO, 2 2H* + [Ca(SO,),]?~ 


The same complex is formed if a precipitate is heated with a 10 per cent solution 
of ammonium sulphate, leading to partial dissolution. 


4. Saturated calcium sulphate: no precipitate is formed (difference from 
strontium and barium). 


5. Ammonium oxalate solution : white precipitate of calcium oxalate, immediately 
from concentrated and slowly from dilute solutions: 


Ca?* +(COO)3~ > Ca(COO),] 
Precipitation is facilitated by making the solution alkaline with ammonia. 


The precipitate is practically insoluble in water (6:53 mg Ca(COO), e~', 
K,=2:6 x 107°), insoluble in acetic acid, but readily soluble in mineral acids. 


6. Potassium chromate solution: no precipitate from dilute solutions, nor from 
concentrated solutions in the presence of acetic acid (cf. Section III.31, 


reaction 6). 


7. Potassium hexacyanoferrate(II) solution: white precipitate of a mixed salt: 
Ca?* +2K* +[Fe(CN).]*> > K,Ca[Fe(CN).]| 


In the presence of ammonium chloride the test is more sensitive. In this case 
potassium is replaced by ammonium ions in the precipitate. The test can be used 
to distinguish calcium from strontium; barium and magnesium ions however 


interfere. 


8. Sodium dihydroxytartrate osazone reagent 


CoHs- bene) 
ET 
i ipi i lt. All other metals, with 
ellow sparingly-soluble precipitate of the calcium sa tals, 
the AA of alkali and ammonium salts, must be absent. Magnesium does 
not interfere provided its concentration does not exceed 10 times that of the 


rece a drop of the neutral test solution on a black spot plate or upon a black 
watch glass, and add a tiny fragment of the solid reagent. If calcium is absent, 
the reagent dissolves completely. The presence of calcium is revealed by the 
formation over the surface of the liquid of a white film which ultimately separ- 
ates as a dense precipitate. 
Sensitivity: 0:01 pg Ca. C 
This reagent is useful inter alia 
distilled water: a positive result is o 
and 30 parts of distilled water. — 


Concentration limit: 1 in 5,000,000. 
for the rapid differentiation between tap and 
btained with a mixture of | part of tap water 
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9. Picrolonic acid (or I-p-nitrophenyl-3-methyl-4-nitro-5-pyrazolone) reagent 
ONC aE 
co N 


SZ 


NO, 


characteristic rectangular crystals of calcium picrolonate 
Ca(C,9H,O5N,)> -8H;0] 
in neutral or acetic acid solutions. Str 


of different crystalline form. Nume 
thorium, iron, aluminium 


Sensitivity : 
The sensitivity is 0-01 bg (in 0-01 ml) un 


This is an excellent con- 
the use of a microscope 
bly be present as nitrates. 


Ui Anhydrous ethanol, or a 1+1 mixture of anhydrous ethanol and diethyl 
ether, dissolves both anhydrous calcium chloride and calcium nitrate. For 
Practical details see Section 111.32, reaction 8. 

12. Dry test (flame c 


e olouration 
yellowish-red col 


) Volatile calcium compounds impart a 
our to the Bunsen flame (see remarks under Barium). 
11.34 FIFTH GROUP OF CATIONS: S 
SIUM, AND akong OF C S: MAGNESIUM, SODIUM, POTA 
Group reagent: there is no common r 
ion: cati 


; > nium sulphide or (in the pri fammonium 
salts) with ammonium carb presence of am 
E AI Onate. Spec’ d 
for their identific TRN pecial reactions or flame tests can be use 
Of the catio; 


NS of this group, 


magnesium displays similar Teactions to those of 
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cations in the fourth group. However, magnesium carbonate, in the presence of 
ammonium salts, is soluble, and therefore during the course of systematic 
analysis (when considerable amounts of ammonium salts are building up in the 
solution) magnesium will not precipitate with the cations of the fourth group. 

The reactions of ammonium ions are quite similar to those of the potassium 
ion, because the ionic radii of these two ions are almost identical. 


III.35 MAGNESIUM, Mg (4,: 24-305) Magnesium is a white, malleable and 
ductile metal. It melts at 650°C. It burns readily in air or oxygen with a brilliant 
white light, forming the oxide MgO and some nitride Mg,N,. The metal is 
slowly decomposed by water at ordinary temperature, but at the boiling point 
of water the reaction proceeds rapidly: 

Mg+2H,0 > Mg(OH),| +H,T 
Magnesium hydroxide, if ammonium salts are absent, is practically insoluble. 
Magnesium dissolves readily in acids: 

Mg+2H* > Mg?*+H>f 

Magnesium forms the bivalent cation Mg?”. Its oxide, hydroxide, carbonate, 

and phosphate are insoluble; the other salts are soluble. They taste bitter. Some 
of the salts are hygroscopic. 


Reactions of magnesium ions To study these reactions a 0°5M solution of 
magnesium chloride MgCl,.6H,O or magnesium sulphate MgSO,.7H,O 


can be used. 


1. Ammonia solution: partial precipitation of white, gelatinous magnesium 
hydroxide: 

Mg?* +2NH;+2H,0 > Mg(OH),| + 2NHz 
The precipitate is very sparingly soluble in water ( 12 mg £t, K, = 3-4x 107"), 
but readily soluble in ammonium salts. 


2. Sodium hydroxide solution: white precipitate of magnesium hydroxide, 
insoluble in excess reagent, but readily soluble in solutions of ammonium salts: 


Mg?* +20H~ > Mg(OH),! 


3. Ammonium carbonate solution: in the absence of ammonium salts a white 
precipitate of basic magnesium carbonate: 
5Mg?* +6CO3- +7H,0 > 4MgCO;.Mg(OH),. 5H,0] +2HCO; 
In the presence of ammonium salts no precipitation occurs, because the 
equilibrium 
NHj{ +CO3 2 NH, +HCO; 
is shifted towards the formation of hydrogen carbonate ions. The solubility 


product of the precipitate being high (K, of pure MgCO; is 1 x 1075), the con- 
centration of carbonate ions necessary to produce a precipitate is not attained. 
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4. Sodium carbonate solution: white, voluminous precipitate of basic carbonate 


(cf. reaction 3), insoluble in solutions of bases, but readily soluble in acids and 
in solutions of ammonium salts. 


5. Disodium hydrogen Phosphate solution: white crystalline precipitate of 
magnesium ammonium phosphate Mg(NH,)PO,.6H,0 in the presence of 
ammonium chloride (to prevent Precipitation of magnesium hydroxide) and 
ammonia solutions: 


Mg** + NH, +HPO}- > Mg(NH,)PO,| 


; this may usually be overcome by 
cooling and by rubbing the test-tube or beaker beneath the surface of the liquid 
A white flocculant Precipitate of magnesium hydrogen phosphate, MgHPO,, 
is produced in neutral solutions. 


Mg?* +HPO2- | MgHPO,| 


6. Diphenylcarbazide reagent (Ce 
nesium salt solution is treated wit 
magnesium hydroxide will be fo: 


carbazide reagent and the soluti 
water, 


H.NH.NH.CO.NH.NH.C,H. 
h sodium hydroxide solution - a 
rmed — then with a few drops of 


ide r on filtered. On washing the precipitate with hot 
it will be seen to have acquired a violet- 


red colour, due to the formation 

mplex salt or an adsorption complex. Metals of Groups II and III inter- 
fere and should therefore be absent. 
The reagent is prepared by dissol 


acetic acid and diluting to 100 ml 


the diphenyl- 


ving 0:2 g diphenylcarbazide in 10 ml glacial 
with ethanol. 


7. 8-H: ydroxyquinoline or ‘oxine’ reagent 


S 
2): 


OH 


must be absent. 
xine in 100 ml 2m acetic acid. 


8. P-Nitrobenzene-azo-resorcinol (or magneson I) reagent 


aa jo 
OH 
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this test depends upon the adsorption of the reagent, which is a dyestuff, upon 
Mg(OH), in alkaline solution whereby a blue lake is produced. Two ml test 
solution, acidified slightly with hydrochloric acid, is treated with 1 drop of the 
reagent and sufficient 2M sodium hydroxide solution to render the solution 
strongly alkaline (say 2-3 ml). A blue precipitate appears. 

The reagent (for macro analysis) consists of a 0:5 per cent solution of p-nitro- 
benzene-azo-resorcinol in 0-2M sodium hydroxide. 

The spot-test technique is as follows. Place a drop of the test solution on a 
spot plate and add 1-2 drops of the reagent. It is essential that the solution be 
strongly alkaline; the addition of 1 drop of 2m sodium hydroxide may be 
advisable. According to the concentration of magnesium a blue precipitate is 
formed or the reddish-violent reagent assumes a blue colour. A comparative 
test on distilled water should be carried out. 

Sensitivity: 0°5 ug Mg. Concentration limit: 1 in 100,000. 
Filter or drop-reaction paper should not be used. 
An alternative agent is p-nitrobenzene-azo-a-naphthol or magneson II 


on N=N iu) OH 


It yields the same colour changes as magneson I, but has the advantage that it is 
more sensitive (sensitivity: 0:2 pg Mg; concentration limit: 1 in 250,000) and its 
tinctorial power is less so that the blank test is not so deeply coloured. Its mode 
of use and preparation are identical with that described above for Magneson I. 


9. Titan yellow reagent: titan yellow (also known as clayton yellow) is a water- 
soluble yellow dyestuff. It is adsorbed by magnesium hydroxide producing a 
deep-red colour or precipitate. Barium and calcium do not react but intensify 
the red colour. All elements of Groups I to III should be removed before applying 
the test. 

Place a drop of the test solution on a spot plate, introduce a drop of reagent 
and a drop of 2m sodium hydroxide. A red colour or precipitate is produced. 

An alternative technique is to treat 0:5 ml neutral or slightly acidic test 
solution with 0:2 ml 2m sodium hydroxide solution. A red precipitate or 
colouration is produced. . 

Satin 1-5 ug Mg. Concentration limit: 1 in 33,000. 
The reagent consists of a 0-1 per cent aqueous solution of titan yellow. 


10. Quinalizarin reagent: blue precipitate or cornflower-blue colouration with 
magnesium salts. The colouration can be readily distinguished from the blue- 
violet colour of the reagent. Upon the addition of a little bromine water, the 
colour disappears (difference from beryllium). The alkaline earth metals and 
aluminium do not interfere under the conditions of the test, but all elements of 
Groups! to III should be removed. Phosphates and large amounts of ammonium 
salts decrease the sensitivity of the reaction. iy 

Place a drop of the test solution and a drop of distilled water in adjacent 
cavities of a spot plate and add 2 drops of the reagent to each. If the solution is 
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id, it wi i £ ium hydroxide 
d, it will be coloured yellowish-red by the reagent. Add 2M sodium 
until the colour changes to violet and a further excess to increase the volume by 
25 to 50 per cent. A blue precipitate or colouration appears. The blank test has 
a blue-violet colour. : 
Sensitivity: 0-25 ug Mg. Concentration limit: 1 in 200,000. ut 
The reagent is prepared by dissolving 0:01-0:02 g quinalizarin in 100 ml 


alcohol. Alternatively, a 0-05 per cent solution of 0-1M sodium hydroxide may 
be used. 


two of cobalt nitrate solution and reheating strongly, a pale-pink mass is 
obtained. 


MII.36 POTASSIUM, K (A,: 39-098) Potassium is a soft, silver- 


Potassium melts at 63:5°C. It remains unchanged in dry air, bi 
oxidized in moist air, becoming covered with a blue film. The met 
water violently, evolving hydrogen and burning with a violet fla 


2K* +2H,0 > 2K*+ +20H- +H,f 


Potassium is usuall 
Potassium salts 
soluble and form c 


white metal. 
ut is rapidly 
al decomposes 
me: 


y kept under solvent naphtha. 
contain the monovalent cation K+ 


. These salts are usually 
olourless solutions, unless the anio 


n is coloured. 
Reactions of potassium ions A M solution of potassium chloride, KCl, can be 
used for these tests, 


1. Sodium hexanitritocobaltate( III) solution Na,[Co(NO,)s]: yellow precipi- 
tate of potassium hexanitritocobaltate(III): 


3Kt + [Co(NO,),]?- 
The precipitate is insoluble 
Present (or if the reagent is 


=> K3[Co(NO,),]| 


acid. If larger amounts of sodium are 
s) a mixed salt, K,Na[Co(NO,)g], is 


2 Tartaric acid solution (or sodium hydrogen tartrate solution) : white crystalline 
precipitate of potassium hydrogen tartrate: 


KITE, C,H,O, 2 KHC,H,0,) 4 H* (a) 
and 
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quite insoluble in 50 per cent ethanol. Precipitation is accelerated by vigorous 
agitation of the solution, by scratching the sides of the vessel with a glass rod, 
and by adding alcohol. Ammonium salts yield a similar precipitate and must 
be absent. 


3. Perchloric acid solution (HCIO,) : white crystalline precipitate of potassium 
perchlorate KCIO, from not too dilute solutions. 


K*++ClO; > KCIO,} 


The precipitate is slightly soluble in water (3:2 g £7! and 198 g £~* at 0° 
and 100°C respectively), and practically insoluble in absolute alcohol. The 
alcoholic solution should not be heated as a dangerous explosion may result. 
This reaction is unaffected by the presence of ammonium salts. 


4. Hexachloroplatinic(IV) acid (H,[PtCl.]) reagent: yellow precipitate of 
potassium hexachloroplatinate(IV): 


2K* +[PtCl6] > K2[PtCle]] 


Precipitation is instantaneous from concentrated solutions; in dilute solutions, 
precipitation takes place slowly on standing, but may be hastened by cooling 
and by rubbing the sides of the vessel with a glass rod. The precipitate is slightly 
soluble in water, but is almost insoluble in 75 per cent alcohol. Ammonium salts 
give a similar precipitate and must be absent. 

The reagent is prepared by dissolving 2-6 g hydrated chloroplatinic acid 
H,[PtCl,].6H20 in 10 ml water. Owing to its expensive character, only small 
quantities should be employed and all precipitates placed in the platinum 


residues bottle 


5. Sodium hexanitritocobaltate( TII)—silver nitrate test This is a modification 
of reaction | and is applicable to halogen-free solutions. Precipitation of potas- 
sium salts with sodium hexanitritocobaltate(III) and silver nitrate solution gives 
the compound K,Ag[Co(NH2)<], which is less soluble than the corresponding 
sodium compound K,Na[Co(NO;)<] and hence the test is more sensitive. 


Lithium, thallium, and ammonium salts must be absent for they give precipitates 


with sodium hexanitritocobaltate(III) solution. i 
Place a drop of the neutral or acetic acid test solution on a black spot plate, 


“IM si i i f finel 
and add a drop of O'M silver nitrate solution and a small amount of finely 
powdered ani hexanitritocobaltate(I1). A yellow precipitate or turbidity 


appears. 
Sensitivity: | p8 K. 
If silver nitrate solution 1s 


Concentration limit: | in 50,000. 
not added, the sensitivity 1s 4g K. 


6. Dipicrylamine (or hexanitrodiphenylamine) reagent 


NO, O,N 


O,N NH NO; |: 
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drogen atom of the NH grou 
meas a water to yield a yellow solution. With sol 
the latter gives a crystalline orange-red Precipitate of 
The test is applicable in the presence of 
as much lithium. Ammonium salts should be 
Magnesium does not interfere. 


Place a drop of the neutral test solution upon drop-reaction paper and 
immediately add a drop of the slightly alkaline reagent. An orange-red spot is 
obtained, which is unaffected by treatment with 1-2 drops of 2m hydrochloric 
acid. 

Sensitivity: 3 ug K, Concentration limit: | in 10,000. 


The reagent is Prepared by dissolving 0-2 g dipicrylamine in 20 ml boiling 
0:05M sodium Carbonate and filtering the cooled liquid. 


7. Sodium tetraphenylboron test Potassium fo. 
solutions or j 


n the presence of acetic acid: 
Kt +[B(C.Hs),]- > K[B(C.H,),]| 


The precipitate is almost insoluble in water (0-053 ge! K, =225x 107 2); 


Tms a white precipitate in neutral 


Potassium is precipi 


and also in acetone. Rubidium, c: 
interfere, 

The reagent is Prepared by dissolving 3:42 g sodium tetraphenylboron - 
Na[B(C,H,),] (M,: 342:2) in water and diluting it to 100 ml. This approxi- 
aey 0:IM solution keeps for 2 weeks. If the solution is not clear, it must be 

ered. 


colour, but by 

ass, the yellow 
ed and the reddish-violet potassium flame becomes 
rome alum (310 g £t), 3 cm thick, also makes a good 


11.37 SODIUM, 
at 97:5°C, It Oxid: 


Na (4,: 22:99 Sodium is a silver-white, soft metal, melting 
izes rapidly in moj 
naphtha or xyle 


oist air and is therefore kept under solvent 
a ne. The metal reacts violently with water forming sodium 
hydroxide and hydrogen: 


2Na+2H,0 — 2Na* +20H- +H, 4 


Ih its salts sodium is Present as th 


Colourless solutions unless the ani 
T 


€ monovalent cation Na+ 
soluble in wate 


n - These salts form 
on is coloured; almost all 


sodium salts are 


Reactions of sodium ions 
chloride, NaCl, can be used 
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magnesium uranyl acetate NaMg(UO,)3(CH3COO), .9H20 from concentrated 
solutions. The addition of about one-third volume of alcohol helps the 
precipitation. 


Na* +Mg?* +3U03* +9CH,;COO- > NaMg(UO,)3(CHsCOO)o| 


The reagent is prepared as follows. Dissolve 10 g uranyl acetate in 6g 
glacial acetic acid and 100 ml water (solution a). Dissolve 33 g magnesium 
acetate in 10 g acetic acid and 100 ml water (solution b). Mix the two solutions 
a and b, allow to stand for 24 hours, and filter. Alternatively, a reagent of 
equivalent concentration may be prepared by dissolving uranyl magnesium 
acetate in the appropriate volume of water or of M acetic acid. 


2. Chloroplatinic acid, tartaric acid or sodium hexanitritocobaltate(III) solution: 
no precipitate with solutions of sodium salts. 


3. Uranyl zinc acetate reagent As a delicate test for sodium, the uranyl zinc 
acetate reagent is sometimes preferred to that employing uranyl magnesium 
acetate. The yellow crystalline sodium zinc uranyl acetate, NaZn(UO;)3 
(CH3COO),.9H,0, is obtained. The reaction is fairly selective for sodium. 
The sensitivity of the reaction is affected by copper, mercury, cadmium, 
aluminium, cobalt, nickel, manganese, zinc, calcium, strontium, barium, and 
ammonium when present in concentrations exceeding 5 g €~'; potassium and 
lithium salts are precipitated if their concentration in solution exceeds 5 g £~! 
and 1 g £7! respectively. 

Place a drop of the neutral test solution on a black spot plate or upon a black 
watch glass, add 8 drops of the reagent, and stir with a glass rod. A yellow 
cloudiness or precipitate forms. 

Sensitivity: 12:5 pg Na. Concentration limit: 1 in 4,000. 

The reagent is prepared as follows. Dissolve 10 g uranyl acetate in 25 ml 
30 per cent acetic acid, warming if necessary, and dilute with water to 50 ml 
(solution a). In a separate vessel stir 30 g zinc acetate with 25 ml 30 per cent 
acetic acid and dilute with water to 50 ml (solution b). Mix the two solutions 
aand b, and add a small quantity of sodium chloride. Allow to stand for 24 hours, 
and filter from the precipitated sodium zinc uranyl acetate. 

Alternatively, a reagent of equivalent concentration may be prepared by 
dissolving uranyl zinc acetate in the appropriate volume of water or of M acetic 


acid. 


he non-luminous Bunsen flame is coloured 
dium salts. The colour is not visible when 
viewed through two thicknesses of cobalt blue glass. Minute quantities of 
sodium salts produce this colour and it is only when the colour is intense and 
persistent that appreciable quantities of sodium are present. 


4. Dry test (flame colouration) T! 
an intense yellow by vapours of so 


111.38 AMMONIUM ION, NHj (M,: 18-038) x Ammonium ions are derived 
from ammonia, NH3, and the hydrogen ion H*. The characteristics of these 
ions are similar to those of alkali metal ions. By electrolysis with a mercury 
cathode, ammonium amalgam can be prepared, which has similar properties to 
the amalgams of sodium or potassium. 


Ammonium salts are generally water-soluble compounds, forming colourless 
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Reactions of ammonium ions To study these reactions a M solution of 

ammonium chloride NH,Cl can be used. 

1. Sodium hydroxide solution: ammonia gas is evolved o 
NH{+OH- > NH31+H,0 


This may be identified 
moving the test-tube 


n warming. 


Paper moistened with mercu 
worthy test*); and (e) filter paper 
chloride and h i 
manganese by the alkaline solution th t 

In test 1(d) a mixture of mercury(II) amidonitrate (white precipitate) and 
mercury (black Precipitate) is formed: 


2NH; + Hg+ + NO; = Hg(NH,)NO;| +Hg]+NH?i 
In test 1(e) hydrated Manganese(IV) oxide is formed: 
2NH3+Mn?*+H,0, + H20 > MnO(OH),| +2NH? 
2. Nessler’s reagent (alkaline solution of potassium tetraiodomercurate(II)) : 
rown precipitate or b 


Town or yellow colouration is Produced according to the 


amount of ammonia or ammonium ions present. The Precipitate is a. basic 
Mercury(II) amido-iodide: 


NH4 +2[Hgl,]?- +40H- _, HgO.Hg(NH,)I| +717 +3H,0 
The formula of the brown Precipitate has also bee 
(Britton and Wilson, 1933) and 
The test is an ext 
Present in drinkin, 
absent. 


n given as 3HgO. Hg(NH;),I, 
as NH,.Hg,I, (Nichols and Willits, 1934), 

Temely delicate one and will detect traces of ammonia 
8 water. All Metals, except sodium or potassium, must be 


€ spot-test techni 
drop of concentrated 


* Arsine. however, blackens mercury(I) nitrate Paper, and must therefore be absent. 
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micro drop of the resulting solution or suspension to drop-reaction paper and 
add a drop of Nessler’s reagent. A yellow or orange-red stain or ring is produced. 
Sensitivity: 0°3 pg NH; (in 0-002 ml). 

A better procedure is to employ the technique described under the man- 
ganese(II) nitrate-silver nitrate reagent in reaction 9 below. A drop of Nessler’s 
solution is placed on the glass knob of the apparatus. After the reaction is 
complete, the drop of the reagent is touched with a piece of drop-reaction or 
quantitative filter paper when a yellow colouration will be apparent. 

Sensitivity: 0:25 pg NH3. 


3. Sodium hexanitritocobaltate(III), (Na3[Co(NO)2).6]): yellow precipitate 
of ammonium hexanitritocobaltate(III), (NH,)3[Co(NO>)g], similar to that 
produced by potassium ions: 


3NHz +[Co(NO2)6]?~ = (NH,)3[Co(NO2)6]1 


4. Hexachloroplatinic(IV) acid (H,[PtCl,]): yellow precipitate of ammonium 
hexachloroplatinate(IV) 

2NHi +[PtCl6] > (NH,)2[PtCle]! 
The characteristics of the precipitate are similar to that of the corresponding 
potassium salt, but differ from it in being decomposed by warming with sodium 
hydroxide solution with the evolution of ammonia gas. 


5. Saturatedsodium hydrogen tartratesolution (NaH.C,H,0,): white precipitate 

of ammonium acid tartrate NH,.H.C,H,0g, similar to but slightly more soluble 

than the corresponding potassium salt, from which it is distinguished by the 

evolution of ammonia gas on being heated with sodium hydroxide solution. 
NHj + HC,H,0¢ > NH,HC,H406} 

6. Perchloric acid or sodium perchlorate solution: no precipitate (distinction 

from potassium). 


7. Tannic acid-silver nitrate test The basis of this test is the reducing action of 

tannic acid (a glucoside of digallic acid) upon the silver ammine complex 

[Ag(NH 3)2]* to yield black silver: it therefore precipitates silver in the presence 
lightly acid silver nitrate solution. 


of ammonia but not from a slightly l ; i 
Mix 2 drops 5 per cent tannic acid (tannin) solution with 2 drops 20 per cent 


silver nitrate solution, and place the mixture upon drop-reaction paper or upon 
a little cotton wool. Hold the paper in the vapour produced by heating an 
ammonium salt with sodium hydroxide solution. A black stain is formed on the 


paper or upon the cotton wool. The test is a sensitive one. 


i. i it i I) yields a red 
= benzene-diazonium chloride reagent The reagent ( y 
E AE to II) with an ammonium salt in the presence of sodium 


hydroxide solution. 


onl Y- N=N—CI+NHi+20H —> 


9 — O,N N=NONH,+Cl +H20 


a) 
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carried out on a drop of water. 
Sensitivity : 0-7 ug NH3. Concentration limit: 1 in 75,000. 

The reagent (sometimes known as Riegler’s solution) is Prepared as follows. 
Dissolve 1 g p-nitroaniline in 25 ml 2M hydrochloric acid (warming may be 
necessary) and dilute with 160 ml water. Cool, add 20 ml 2-5 per cent sodium 
nitrite solution with vigorous shaking. Continue the shaking until all dissolves. 


The reagent becomes turbid on keeping, but can be employed again after 
filtering. 


-glass 
stopper carrying a small glass hook at the lower end. 
Pla i 


ce a drop of the 
and add a drop of 2M Sodium h 


Sensitivity: 0-01 ug NH3. Concentration limit: 1 in 5,000, 
i , for they give ammonia with alkalis: 
CN” +2H,0 > HCOO- +NH;,t 


If, however, a little Mercury(II) oxide or a Mercury(II) salt is added, the alkali- 
Stable mercury(I) cyanide Hg(CN), is formed and the interfering effect of 
cyanides is largely eliminated. 

An alternative method for carrying out the test is to em 


nitrate-silver nitrate reagent. Upon treating a neutral sol 
and silver salts with ammonia, 


ploy the man ganese(II) 
ution of manganese(II) 
a black precipitate is formed: 


4NH3+Mn?* +2Ag* 431.0 > MnO(OH),| +2Ag|+4NH? 


adding dilute alkali dropwise until a black pre- 
er. Keep the reagent in a dark bottle, 


10. Dry test All ammonium salts are either volatilize, 
heated to Just below red heat. In some Cases, where 
e o 


vapours recombine on cooling to form a sublimate of t 
chloride, 


d or decomposed when 
the acid is volatile, the 
he salt, e.g. ammonium 
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CHAPTER IV __ REACTIONS OF THE ANIONS 


IV.1 SCHEME OF CLASSIFICATION The methods available for the 
detection of anions are not as systematic as those which have been described in 
the previous chapter for cations. No really satisfactory scheme has yet been 
proposed which permits of the separation of the common anions into major 
greups, and the subsequent unequivocal separation of each group into its 
independent constituents. 

The following scheme of classification has been found to work well in practice; 
it is not a rigid one since some of the anions belong to more than one of the 
subdivisions. Essentially the processes employed may be divided into (A) those 
involving the identification by volatile products obtained on treatment with acids, 
and (B) those dependent upon reactionsin solution. Class (A) is subdivided into (i) 
gases evolved with dilute hydrochloric acid or dilute sulphuric acid, and (ii) gases 
or vapours evolved with concentrated sulphuric acid. Class (B) is subdivided into 
(i) precipitation reactions, and (ii) oxidation and reduction in solution. 


CLASS A 
(i) Gases evolved with dilute hydrochloric acid or dilute sulphuric acid: 
carbonate, hydrogen carbonate, sulphite, thiosulphate, sulphide, 
nitrite, hypochlorite, cyanide, and cyanate. 
(ii) Gases or acid vapours evolved with concentrated sulphuric acid. 
These include those of (i) with the addition of the following: fluoride, 
hexafluorosilicate,* chloride, bromide, iodide, nitrate, chlorate (DANGER), 
perchlorate, permanganate (DANGER), bromate, borate,* hexacyanoferrate(II), 
hexacyanoferrate(III), thiocyanate, formate, acetate, oxalate, tartrate, and 


citrate. 


CLASS B 


(i) Precipitation reactions. 
Sulphate, peroxodisulphate,t phosphate, phosphite, hypophosphite, 


i ften included in Class B(i). A y 
ISAs speaking peroxodisulphates should be grouped with Class B(ii), but are best studied 


together with sulphates. 
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arsenate, arsenite, chromate, dichromate, silicate, hexafluorosilicate, 
salicylate, benzoate, and succinate. 
(ii) Oxidation and reduction in solution. 


Manganate, permanganate, chromate and dichromate. 
The reactions of all these anions will be s 


pages. For convenience the reactions o 


Solubility All normal carbonates, with the 
exception of those of the alkali metals and ofammonium, are insoluble in water. 


CaCO3|+H,0+ CO, > Ca2*+ + 2HCO; 
The hydrogen carbonates of the alkali metals are solu 
soluble than the Corresponding normal carbonates, 


To study these reactions a 0-5M solution of sodium carbonate Na,CO,.10H,O 
can be used, 


ble in water, but are less 


I. Dilute hydrochloric acid: decomposition with effervescence, due to the 
evolution of carbon dioxide: 

CO3- +2H+ _, CO,1+H,0 
the gas can be identified by its Property of rendering lime water (or baryta 
water) turbid: 

CO,+Ca?*+ 4 20H- > CaCO, + H,0 
CO, +Ba?* +20H- > BaCO;|+H,0 
Some natural carbonates, suc 
dolomite, (Ca,Mg)CO,, do n 


h as magnesite, MgCO,, siderite, FeCO,, and 
finely powdered and th 


ot react appreciably in the cold; they must be 


CaCO, | + CO,+H 
Any acid which is 
Splace it, especially o 
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20 > Ca? 4 2HCO; 


Stronger than carbonic 
n warming, Thus, 


di acid (K, =4-3] x 1077) will 
even acetic acid (K = 1-76 x 1075) 


REACTIONS OF THE ANIONS _IV.2 


will decormpose carbonates; the weak boric acid (K, = 5:8 x 1071°) and 
hydrocyanic acid (K = 4-79 x 10° !°) wili not. 


WD 
Li, 


Fig. IV.1 


2. Barium chloride (or calcium chloride) solution: white precipitate of barium 
(or calcium) carbonate: 

COŻ- +Ba?* > BaCO 3] 

CO} +Ca?* > CaCO;] 
Only normal carbonates react; hydrogen carbonates do not. The precipitate is 
soluble in mineral acids and carbonic acid: 

BaCO,+2H* > Ba**+CO,f+H,0 
BaCO,+CO,+H,0 > Ba** +2HCO; 


3. Silver nitrate solution: white precipitate of silver carbonate: 


CO} +2Ag* > Ag,CO3] 
The precipitate is soluble in nitric acid and in ammonia. The precipitate becomes 
yellow or brown upon addition of excess reagent owing to the formation of silver 
oxide; the same happens if the mixture is boiled: 


Ag,CO3| > Ag,O| +CO,7 


4. Sodium carbonate-phenolphthalein test This test depends upon the fact that 
phenolphthalein is turned pink by soluble carbonate and colourless by soluble 
hydrogen carbonates. Hence if the carbon dioxide liberated by dilute acids from 
carbonates is allowed to come into contact with phenolphthalein solution colour- 
ed pink by sodium carbonate solution, itmay be identified by the decolourization 
which takes place 

CO,+CO32- +H,0 > 2HCO; 
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The concentration of the sodium carbonate solution must be such as not to be 
decolourized under the conditions of the experiment by the carbon dioxide in 
the atmosphere. A 

Place 1-2 drops test solution (or a small quantity of the test solid) in the 
apparatus shown in Fig. II.50 and place 1 drop sodium carbonate-phenol- 
pkthalein reagent on the knob of the stopper. Add 3-4 drops M sulphuric acid 
and insert the stopper into position. The drop is decolourized either immediately 
or after a short time according to the quantity of carbon dioxide formed. Perform 
a blank test in a similar apparatus. 


Sensitivity: 4 ug CO, (in 2 drops of solution). Concentration limit: 1 in 
12,500. 

The reagent is prepared by mixing | ml 0-05m sodium carbonate with 2 ml 
0:5 per cent solution of phenolphthalein, and 10 ml water. 

Sulphides, sulphites, thiosulphates, cyanides, cyanates, fluorides, nitrites, 
and acetates interfere. The sulphur-containing anions can be quantitatively 
oxidized to sulphates by hydrogen peroxide. The modified procedure in the pres- 
‘ence of these anionsis therefore to stira drop of the test solution with 4 drops 3 per 
cent hydrogen peroxide, then to add 2 drops M sulphuric acid, and to continue as 


above. Cyanides are rendered innocuous by treating the test solution with 4 drops 
ofa saturated solution of mercu: 


ry(II) chloride, followed by 2 drops sulphuric acid, 
etc.; the slightly dissociated mer: 


cury(IT) cyanideis formed. Nitritescan be removed 
by treatment with aniline hydrochloride. 


IV.3 HYDROGEN CARBONATES, HCO; Most of the reactions of 


hydrogen carbonates are similar to those of carbonates. The tests described here 
are suitable to distinguish hydrogen carbonates from carbonates, 

A freshly prepared 0-5 solution of sodium hydrogen carbonate, NaHCO,, 
Or potassium hydrogen carbonate, KHCO,, can be used to study these reactions. 


l. Boiling When boiling, hydrogen carbonates decompose: 
2HCO; > CO2- + H,0+CO,t 


carbon dioxide, formed in this way, can be identified with lime water or baryta 
water (cf. Section IV.2, reaction 1), 


2. Magnesium sulphate Adding Magnesium sulphate to a cold solution of 
hydrogen carbonate no precipitation occurs, while a white precipitate of 
magnesium carbonate, MgCO,, is formed with normal carbonates, 
Heating the mixture, a white precipitate of magnesium carbonate is formed: 
Mg’** +2HCO; 


> MgCO,+H,0+4 CO,T 
The carbon dioxide 


gas, formed in the reaction, can be detected with lime water 
or baryta water (cf. Section IV.2, reaction 1). 


3. Mercury/( II) chloride No precipitate is formed with hydrogen carbonate 
ions, while in a solution of normal carbonates a reddish-brown precipitate of 
basic mercury(I) carbonate (GHgO.HgCo, = Hg,0,CO;) is formed: 

CO}" +4Hg?* +3H,0 > Hg,0;CO,|+6H* 
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the excess of carbonate acts as a buffer, reacting with the hydrogen ions formed 
in the reaction: 
CO2- +2H* > CO,f+H,0 


4. Solid test On heating some solid alkali hydrogen carbonate ın a dry test- 
tube carbon dioxide is evolved : 

2NaHCO, > Na,CO;+H2,0+CO,T 
The gas can be identified with lime water or baryta water (cf. Section IV.2, 
reaction 1). The residue evolves carbon dioxide if dilute hydrochloric acid is 
poured on it after cooling: 

Na,CO,+2H* > 2Na* +CO,t+H,0 


5. Test for hydrogen carbonate in the presence of normal carbonate Adding 
an excess of calcium chloride to a mixture of carbonate and hydrogen carbonate 


the former is precipitated quantitatively: 


CO3}- +Ca?* > CaCO; 
On filtering the solution rapidly hydrogen carbonate ions pass into the filtrate. 
On adding ammonia to the filtrate, a white precipitate or cloudiness is obtained 
if hydrogen carbonates are present: 


2HCO; +2Ca?* +2NH; > 2CaCO3| +2NHj; 


IV.4 SULPHITES, SO3~ Solubility Only the sulphites of the alkali metals 
and of ammonium are soluble in water; the sulphites of the other metals are 
either sparingly soluble or insoluble. The hydrogen sulphites of the alkali metals 
are soluble in water; the hydrogen sulphites of the alkaline earth metals are 


known only in solution. 
A freshly prepared 0°5M solution of sodium sulphite Na,SO,.7H,O can be 


used to study these reactions. 


loric acid (or dilute sulphuric acid): decomposition, more 


1. Dilute hydroch d): 
g, with the evolution of sulphur dioxide: 


rapidly on warmin 
S02- +2H* > SO,t+H20 
ntified (i) by its suffocating odour of burning sulphur, (ii) by 


on, due to the formation of chromium(III) ions. produced 
idified potassium dichromate solution, is 


The gas may be ide’ 
the green colourati 
when a filter paper, moistened with ac 
held over the mouth of the test-tube. 
380, 4+(Cr,03" +2H* > 2Cr3* +3S0Z° +H,0 

Another method of identification of the gas is (iii) to hold a filter paper, 
moistened with potassium iodate and starch solution, in the vapour, when a 
blue colour, owing to the formation of iodine, is observable: 


550, +210; +4H,0 > I; +5502- +8H* 
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2. Barium chloride or strontium chloride solution: white precipitate of barium 
or strontium) sulphite: 


S037 +Ba?* — BaSO;] 


the precipitate dissolves in dilute h 


ydrochloric acid, when sulphur dioxide 
evolves: 


BaSO3|+2H* > Ba** +SO,t+H,O 


On standing, the 
insoluble in dil 
with bromine 
peroxide. 


precipitate is slowly oxidized to the sulphate and is then 
lute mineral acids; this change is rapidly effected by warming 
water or a little concentrated nitric acid or with hydrogen 


2BaSO3|+0, > 2BaSO,| 
BaSO,|+Br,+H,0 > BaSO,|+2Br~ + 2H* 
3BaSO,|+2HNO, > 3BaSO,| +2NOf + H,O 
BaSO,|+H,0, > BaSO,| + H,O 


The solubilities at 18° of the sulphites of calcium, strontium, and barium are 
respectively 1:25 g €-1, 0:033 g £~ t, 0-022 ee 


3. Silver nitrate solution: first, no visible change occurs because of the formation 
of sulphitoargentate ions: 


S05- +Ag* > [Agso,]- 


on the addition of more reagent, a white, crystalline precipitate of silver sulphite 
is formed: 


[AgSO,]- +Ag* > Ag,SO,| 
The precipitate dissolves if sulphite ions are added in excess: 
Ag,SO3|+S02- > 2[AgSO,]- 


On boiling the solution of 


nt the complex salt, or an aqueous suspension of the 
precipitate, grey metallic sily. 


er is precipitated: 


2[AgSO,]- > 2Ag| +S02- +S0,îÎ 
Ag:50;|+H,0 > 2Ag| +S02- +2H+ 
The precipitate is soluble in dilute nitric acid, when sulphur dioxide gas is 
evolved: 
Ag,SO,|+2H*+ >» SO, +2Ag* + H,0 
The precipitate also dissolves in ammonia. 
4. Potassium permanganate Solution, acidified with dil 
the test: decolourizati 


on owing to reduction to mang 
5SO3- + 2MnO; +6H+ 


ute sulphuric acid before 
anese(II) ions: 
> 2Mn** + 5503- +3H,0 


3. Potassium dichromate solution, acidified with dilute sulphuric acid before the 
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test: a green colouration, owing to the formation of chromium(III) ions: 


3S02- + Cr,02- +8H* > 2Cr3*++3802- +4H,O 


6. Lead acetate or lead nitrate solution: white precipitate of lead sulphite: 
SO- + Pb?* —> PbSO3| 


The precipitate dissolves in dilute nitric acid. On boiling, the precipitate is oxidized 
by atmospheric oxygen and lead sulphate is formed: 


2PbSO,| +O, + 2PbSO,| 


This reaction can be used to distinguish sulphites and thiosulphates; the latter 
produce a black precipitate (cf. Section IV.5, reaction 5) on boiling. 


7. Zinc and sulphuric acid: hydrogen sulphide gas is evolved, which may be 
detected by holding lead acetate paper to the mouth of the test-tube (cf. Section 


IV.6, reaction 1): 
SO2- +3Zn+8H* > H,St+3Zn?*+3H,7+3H,0 


8. Lime water This test is carried out by adding dilute hydrochloric acid to the 
solid sulphite, and bubbling the evolved sulphur dioxide through lime water 
(Fig. IV.1); a white precipitate of calcium sulphite CaSO, is formed. 


S02- +Ca?* > CaSO; 
The precipitate dissolves on prolonged passage of the gas, due to the formation 
of hydrogen sulphite ions: 
CaSO,|+S0,+H,0 > Ca?* +2HSO; 
A turbidity is also produced by carbonates; sulphur dioxide must therefore be 
first removed when testing for the latter. This may be effected by adding 
potassium dichromate solution to the test-tube before acidifying. The dichromate 
oxidizes and destroys the sulphur dioxide without affecting the carbon dioxide 


(cf. Section IV.2). 


Dilute solutions of triphenylmethane dyestuffs, such as fuchsin 
n IV.15, reaction 9) and malachite green, are immediately 
| sulphites. Sulphur dioxide also decolourizes fuchsin 
solution, but the reaction is not quite complete: nevertheless it is a very useful 
test for sulphur and acid sulphites; carbon dioxide does not interfere, but 
nitrogen dioxide does. If the test solution is acid, it should preferably be just 
neutralized with sodium hydrogen carbonate. Thiosulphates do not interfere 
but sulphides, polysulphides, and free alkali do. Zinc, lead, and cadmium salts 
reduce the sensitivity of the test, hence the interference of sulphides cannot be 
obviated by the addition of these salts. 

Place 1 drop of the fuchsin reagent on a spot plate and add 1 drop of the 
neutral test solution. The reagent 1s decolourized. f 

‘Sensitivity: | pg SO2. Concentration limit: 1 in 50,000. 
The fuchsin reagent is prepared by dissolving 0-015 g fuchsin in 100 ml water. 


9. Fuchsin test 1 
(for formula, see Sectio! 
decolourized by neutra! 
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10. Sodium nitroprusside-zinc sulphate test Sodium nitroprusside solution 
reacts with a solution of a zinc salt to yield a salmon-coloured precipitate of 
zinc nitroprusside Zn[Fe(CN),NO]. The latter reacts with moist sulphur 
dioxide to give a red compound of unknown composition; the test is rendered 
more sensitive when the reaction product is held over ammonia vapour which 
decolourizes the unused zinc nitroprusside. 

Place a drop of the test solution (or a grain of the solid test sample) in the tube 


of Fig. II.50 and coat the knob of the glass stopper with a thin layer of the zinc 
nitroprusside paste. Add a drop of 2m hydrochloric or sulphuric acid and close 
the apparatus. After the sul 


phur dioxide has been evolved, hold the stopper for 
a short time in aramonia vapour. The paste is coloured more or less deep red. 
Sensitivity: 3-5 ug SO. Concentration limit: 1 in 14,000. 
The zinc nitroprusside paste is prepared by precipitating sodium nitro- 
prussid solution with an excess of zinc sulphate solution and boiling for a few 


minutes: the precipitate is filtered and washed, and kept in a dark glass bottle 
or tube. 


Hg?* +S?- — Hes] 
Hg?* +S,02- +H,0 > HgS|+S027 +2H+ 


Place a drop of the test solution and 2 drops of saturated mercury(II) chloride 
solution in the same a) i i 


ll. Distinction between sulphites and hydrogen sulphites The solution of 
normal alkali sulphites shows an alkaline reaction against litmus paper, because 
of hydrolysis: 


505-7 +H,0 = HSO; +OH- 


while the solution of alkali hydrogen sulphites is neutral. Adding a neutral 
solution of dilute hydrogen peroxide to the solution of normal sulphites, sulphate 
tons are formed and the solution becomes neutral: 


S03 +H,0, > S04- +H,0 


with hydrogen sulphites the same test yields hydrogen ions: 
HSO; +H,0, > S04- +H* +H,0 
and the solution shows a definite acid rea 


l ction. It must be emphasized that these 
tests alone are not specific for sulphites 


or hydrogen sul hites; their presence 
must be confirmed first by other reactions ; i i 


_ Solubility Most of the thiosulphates 
n water; those of lead, silver, and barium 
€ ’ hem dissolve in excess sodium thiosulphate 
solution forming complex salts. 

To study these reactions use a OSM soluti i i 
Na,S,0,.5H,0. Solution of sodium thiosulphate 
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1. Dilute hydrochloric acid: no immediate change in the cold with a solution of 
a thiosulphate; the acidified liquid soon becomes turbid owing to the separation 
of sulphur, and sulphurous acid is present in solution. On warming the solution, 
sulphur dioxide is evolved which is recognized by its odour and its action upon 
filter paper moistened with acidified potassium dichromate solution. The sul- 
phur first forms a colloidal solution, which is gradually coagulated by the free 
acid present. Side reactions also occur giving rise to thionic acids. 


S2037 +2H* > $|+SO0,1+H,0 
2. Iodine solution: decolourized when a colourless solution of tetrathionate 
ions is formed: 

1,+28,037 > 21 + S4027 

This reaction has important practical applications in the iodometric and 

iodimetric methods of titrimetric analysis.* 
3. Barium chloride solution: white precipitate of barium thiosulphate, BaS203, 
from moderately concentrated solutions. 

S2047 +Ba”* > BaS,03] 
Precipitation is accelerated by agitation 


with a glass rod. The solubility is 0-5 g 
with calcium chloride solution since ca 


water. 


and by rubbing the sides of the vessel 
g~t at 18°. No precipitate is obtained 
Icium thiosulphate is fairly soluble in 


4. Silver nitrate solution: white precipitate of silver thiosulphate: 


S2037 +2Ag* > Ag,S203! 


At first no precipitation occurs because the soluble dithiosulphatoargentate(I) 


complex is formed: 
28,03 + Ag” > [Ag(S203)2]?~ 
The precipitate is unstable, turning dark on standing, when silver sulphide 
is formed : 
Ag,S203) + H,O > Ag2S}+ 2H* +SO37 
This hydrolytic decomposition can be accelerated 


e solution: first no change, but on further addition 
tate of lead thiosulphate is formed: 


by warming. 


5. Lead acetate or lead nitrate 

of the reagent a white precip! 
S102- +Pb?* > PbS,03] 

e precipitate is soluble in excess thiosulphate; for this reason no precipitation 

anes boiling the suspension the precipitate darkens, forming finally 


occurs first. On e 
a black precipitate of lead sulphide: 


PbS,03) + H,O > PbS + 2H* + S047 


* See A. I Vogel’s A Textbook of Quantitative Inorganic Analysis, including Elementary Instru- 
mental ‘Analysis. 4th ed., Longman 1978, p. 343 et f. 
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This reaction can be applied to distinguish sulphite and thiosulphate ions 
(cf. Section IV.4, reaction 6). 


6. Potassium cyanide solution (POISON 
with sodium hydroxide and addin 
formed on boiling: 

S203- +CN- > SCN- +S03- 


On acidifying the cold solution, in a well 
hydrochloric acid and adding iron(II) chl 
thiocyanate can be observed : 


3SCN- +Fe3* > Fe(SCN), 


): after alkalizing the test solution first 
g potassium cyanide, thiocyanate ions are 


-ventilated fume cupboard, with 
oride, the red colour of iron(III) 


7. Blue ring test When a solution of thiosul 
molybdate solution is poured slowly down the si 


8. Iron(III) chloride solution: a dark-violet colouration appears, probably due 
to the formation of a dithiosulphatoiron(III) complex: 


28,03" + Fe** + [Fe(S,05),]- 


on standing the colour disappears rapidly, while tetrathionate and iron(II) ions 
are formed: 


[Fe(S,0,),]- +Fe3* — 2Fe2+ + $,02- 
The overall reaction can be written as t^e reduction of iro 


n(III) by thiosulphate: 
28,03" + 2Fe* — S102- +2Fe2+ 


9. Nickel ethylenediamine nitrate reagent [Ni(NH,.CH,.CH,.NH 2)3(NO3),, 
abbreviated to [Ni(en),](NO,),. When a neutral or slightly alkaline solution 
of a thiosulphate is treated with the reagent, a crystalline, violet precipitate of 
the complex thiosulphate is obtained: 


[Ni(en),]?* +5,07 > [Ni(en),]S,0,] 
Sulphites, sulphates, tetrathionates, and thiocyanates do not interfere, but 
hydrogen sulphide and ammonium sulphide decompose the reagent with the 
Precipitation of nickel sulphide. 

The nickel ethylenediamine Nitrate reagent is conveniently prepared when 
Tequired by treating a little nickel chlori i i 
a violet colour (due t i 
Concentration limit: 1 in 25,000. 
By obvious modifi 


B cation the reaction ma; 
it is applicable in th 


y be used for the detection of nickel; 
e presence of copper, c 


obalt, iron, and chromium. 
10. Catalytic test 

react, but on additi 
is an immediate yi. 


Solutions of sodium azide, NaN. 
on of a trace of thiosulphate, w 
gorous evolution of nitrogen: 
2N3 + lV > 31-4 3N3t 


3» and iodine (as Ij) do not 
hich acts as a catalyst, there 
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Sulphides and thiocyanates act similarly and must therefore be absent. 
Mix a drop of the test solution and a drop of the iodine-azide reagent_on a 
watch glass. A vigorous evolution of bubbles (nitrogen) ensues. 
Sensitivity: 0°15 pg Na,S,O03. Concentration limit: 1 in 330,000. 
The sodium azide—iodine reagent consists of a solution of 3 g sodium azide 
in 100 ml 0:05m iodine. 


IV.6 SULPHIDES, S? Solubility The acid, normal, and poly-sulphides of 
alkali metals are soluble in water; their aqueous solutions react alkaline because 
of hydrolysis. 


S27 +H,90 2 SH’ +OH™ 
SH- +H,0 2 H,S+OH™ 


The normal sulphides of most other metals are insoluble; those of the alkaline 
earths are sparingly soluble, but are gradually changed by contact with water 
into soluble hydrogen sulphides: 


CaS +H,0 > Ca?*+SH™ +OH™ 


The sulphides of aluminium, chromium, and magnesium can only be pre- 
pared in the dry, as they are completely hydrolysed by water: 


Al,S,+6H,0 > 2Al(OH);| +3H2ST 


The characteristic colours and solubilities of many metallic sulphides have 
already been discussed in connection with the reactions of the cations in 
Chapter III. The sulphides of iron, manganese, zinc, and the alkali metals are 
decomposed by dilute hydrochloric acid with the evolution of hydrogen 
sulphide; those of lead, cadmium, nickel, cobalt, antimony, and tin{IV) require 
concentrated hydrochloric acid for decomposition; others, such as mercury(II) 
sulphide, are insoluble in concentrated hydrochloric acid, but dissolve in aqua 
regia with the separation of sulphur. The presence of sulphide in insoluble 
sulphides may be detected by reduction with nascent hydrogen (derived from 
zinc or tin and hydrochloric acid) to the metal and hydrogen sulphide, the latter 
being identified with lead acetate paper (see reaction 1 below). An alternative 
method is to fuse the sulphide with anhydrous sodium carbonate, extract the 
mass with water, and to treat the filtered solution with freshly prepared sodium 
nitroprusside solution, when a purple colour will be obtained; the sodium 
carbonate solution may also be treated with lead nitrate solution when black 


lead sulphide is precipitated. 
For the study of these react 
can be used. 


ions a 2M solution of sodium sulphide Na,S.9H,O 


en sulphide gas is evolved, which 


i hloric or sulphuric acid: hydrog 
Ne Mage ou and by the blackening of filter 


may be identified by its characteristic odour, 
paper moistened with lead acetate solution: 
s2- +2H* > HST 
H,S+Pb?* > PbS|+2H* 
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Alternatively, a filter paper moistened with cadmium acetate solution turns 
yellow: 


H,S+Cd?* —> CdS|+2H* 
A more sensitive test is attained by the use of sodium tetrahydroxo- 


plumbate(II) solution, prepared by adding sodium hydroxide to lead acetate 
until the initial precipitate of lead hydroxide has just dissolved: 


Pb** +20H- — Pb(OH),| 
Pb(OH),| +20H~ > [Pb(OH),]?~ 
[Pb(OH),]?~ +H,S > PbS! +20H- + 2H,0 
Hydrogen sulphide is a good reducin 


potassium permanganate, (ii) acidified 
potassium triiodide (iodine) solution: 


ig agent. It reduces (i) acidified 
potassium dichromate, and (iti) 


2MnO; +5H,S+6H* > 2Mn2+ + 5S} +8H,O 
Cr205 +3H,S+8H* > 2Cr+ +3S| +7H,0 

13 +H2S > 317 +2H+* +S} (iii) 

in each case sulphur is Precipitated. Small quantities of chlorine may be pro- 


duced in (i) and (ii) if the hydrochloric acid is other than very dilute; this is 
avoided by using dilute sulphuric acid. 


(i) 
(ii) 


2. Silver nitrate Solution: 
in cold, but soluble in hot 


S?-+2Ag* + AgS} 


black precipitate of s 


ilver sulphide Ag_S, insoluble 
dilute nitric acid. 


3. Lead acetate solution : black precipitate of lead sulphide PbS (Section II.4, 
reaction 2). 


4. Barium chloride solution: no precipitate. 


phide is brought into contact with a bright 
silver coin, a brown to black stain of silver sulphide is produced. The result is 
obtained more expeditiously by tie addition of a few drops of dilute hydro- 
chloric acid. The stain may be removed by Tubbing the coin with moist lime. 


¢ lution (Na,[ Fe(CN) sO): transient purple colour 
in the presence of solutions of alkali 


S? +[Fe(CN),NO}?- 


The reagent must be freshly Prepared by dissolvin 
of a pea) of pure sodium nitroprusside in a little distilled water. 
The spot-test technique is as follows. Mj 
test solution with a drop of a | per 
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violet colour appears. Alternatively, filter paper impregnated with an ammonia- 
cal (2M) solution of sodium nitroprusside may be employed. 
Sensitivity: 1 pg NaS. Concentration limit: 1 in 50,000. 


7. Methylene blue test p-Aminodimethylaniline is converted by iron(III) 
chloride and hydrogen sulphide in strongly acid solution into the water-soluble 
dyestuff, methylene blue: 


(CH,).N N(CH); 
iG + H,S+ EN hennag 
NH, HN 
(CH,)N S N(CH), 
a esos FO IS 
N 


This is a sensitive test for soluble sulphides and hydrogen sulphide. 

Place a drop of the test solution on a spot plate, add a drop of concentrated 
hydrochloric acid, mix, then dissolve a few grains of p-aminodimethylaniline in 
the mixture (or add 1 drop 1 per cent solution of the chloride or sulphate) and 
add a drop of 05M iron(II) chloride solution. A clear blue colouration appears 


after a short time (2-3 minutes). 
Sensitivity: 1 pg H25. Concentration limit: 1 in 50,000. 


8. Catalysis of iodine-azide reaction test Solutions of sodium azide, NaN3;, 
and of iodine (as 13) do not react, but on the addition of a trace of a sulphide, 
which acts as a catalyst, there is an immediate evolution of nitrogen: 


2N; +15 > 317 +3N,T 
Thiosulphates and thiocyanates act similarly and must therefore be absent. 
The sulphide can, however, be separated by precipitation with zinc or cadmium 
carbonate. The precipitated sulphide may then be introduced, say, at the end 
of a platinum wire into a semimicro test-tube or centrifuge tube containing the 
iodine-azide reagent, when the evolution of nitrogen will be seen. 

Mix a drop of the test solution and a drop of the reagent ona watch glass. An 
immediate evolution of gas in the form of fine bubbles occurs. 

Sensitivity: 0°3 wg NaS. Concentration limit: 1 in 166,000. 

The sodium azide-iodine reagent is prepared by dissolving 3 g sodium azide 
in 100 ml 0-05m iodine. The solution is stable. [The test is rendered more sensi- 
tive (to 0:02 pg Na,S) by employing a more concentrated reagent composed of 
1 g sodium azide and a few crystals of iodine in 3 ml water. ] 


IV.7 NITRITES, NOz Solubility Silver nitrite is sparingly soluble in water. 


All other nitrites are soluble in water. i y 
Use freshly prepared 0- IM solution of potassium nitrite, KNO}, to study these 


reactions. 


1. Dilute hydrochloric acid Cautious addition of the acid to a solid nitrite in 
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the cold yields a transient, pale-blue liquid (due to the presence of free nitrous 
acid, HNO., or its anhydride, N20,) and the evolution of brown fumes of 
nitrogen dioxide, the latter being largely produced by combination of nitric 
oxide with the oxygen of the air. Similar results are obtained with the aqueous 
solution. 
NO; +H* > HNO, 
CHNO, > H,0+N,0,) 
3HNO, > HNO, +2NOT+H,0 
2NOf+0,} > 2NO,t 


2. Iron(II) sulphate solution When the 
concentrated (25%) solution of iron(II) 
acid or with dilute sulphuric acid, a 
[Fe,NO]SO,, is formed at the junction of 
been made cautiously, a brown colouration results, This reaction is similar to 
the brown ring test for nitrates (see Section IV.18, reaction 3), for which a 
stronger acid (concentrated sulphuric acid) must be employed. 

NO; +CH,COOH > HNO, +CH,COO- 

3HNO, > H,0+ HNO, +2NOf} 
Fe?* +SO7° +NOT > [Fe,NO]SO, 


lodides, bromides, coloured ions, and anions that give coloured compounds 
with iron(II) ions must be absent. 


nitrite solution is added carefully toa 
sulphate acidified with dilute acetic 
brown ring, due to the compound 
the two liquids. If the addition has not 


3. Barium chloride Solution: no precipitate. 


4. Silver nitrate solution: white crystalline precipitate of silver nitrite from 
concentrated solutions. 


NO; +Ag* > AgNo,| 


od is to extract the liberated iodine with chloro- 
(see Section IV.16, reaction 4). 


+4CH,COOH = I, +2NOt+ 4CH,COO- + 2H,0 


6. Acidified potassium permanganate Solution: decolourized by a solution of a 
nitrite, but no gas is evolved, 


2NO3 +21- 


5NO; +2Mn0;+6H* SNO; +2Mn?+ +3H,0 
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8. Urea CO(NH3), When a solution of a nitrite is treated with urea and the 
mixture acidified with dilute hydrochloric acid, the nitrite is decomposed, and 
nitrogen and carbon dioxide are evolved. 


CO(NH,), +2HNO, > 2N21+CO,1+3H20 


9. Thiourea CS(NH>), When a dilute acetic acid solution of a nitrite is 
treated with alittle thiourea, nitrogen is evolved and thiocyanic acid is produced. 
The latter may be identified by the red colour produced with dilute HCI and 


FeCl, solution. 
CS(NH,), +HNO, > N,t+H* +SCN™ +2H,0 


ates and iodides interfere and, if present, must be removed either 


Thiocyan 
or with dilute AgNO; solution before adding the 


with excess of solid Ag,SO, 
acetic acid and thiourea. 


10. Sulphamic acid (HO.SO,.NH,) When a solution of a nitrite is treated 
with sulphamic acid, it is completely decomposed: 


HO.SO,.NH,+HNO, > N,1+2H* +S803> +H,0 
and it is therefore an excellent method for 


No nitrate is formed in this reaction, 
f nitrates are formed with ammonium 


the complete removal of nitrite. Traces o 
chloride, urea, and thiourea (reaction 7, 8, and 9). 
Ilosvay test) This test 


11, Sulphanilic acid-a-naphthylamine reagent. (Griess— 
d, followed by 


depends upon the diazotization of sulphanilic acid by nitrous aci 
coupling with a-naphthylamine to form a red azo dye: 


NH,.CH;COOH N=N—OOC.CH; 


Z 
+ HNO; — ] +2H,0 
SS 


SO,H SO3H 


N=N—OOC.CH; 


ae a™ 
H NH, 


+ CH,COOH 


SO; 
t be masked by tartaric acid. The test solution must be very 
the reaction does not go beyond the diazotization stage: 


0:2 mg NO2 £~! is the optimal concentration. — Ei 
Place a drop of the neutral or acid test solution on a spot plate and mix it 


with a drop of the sulphanilic acid reagent, followed by a drop of the a-naphthyl- 


i ent. A red colour is formed. : 
Hate 0:01 pg HNO>. Concentration limit: 1 in 5,000,000. rate 
The sulphanilic acid reagent is prepared by dissolving 1 g sulphanilic acid in 
100 ml warm 30 per cent acetic acid. The a-naphthylamine reagent is prepared 
by boiling 0-3 g a-naphthylamine with 70 ml water, filtering or decanting from 
the small residue, and mixing with 30 ml glacial acetic acid. 


Iron(IIJ) ions mus 
dilute; otherwise 
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12. Indole reagent 


Om 


a red-coloured nitroso-indole is formed. 


Place a drop of the test solution in a semimicro test-tube, add 10 drops of the 
reagent and 5 drops of 8m sulphuric acid. A purplish-red colouration appears. 
Concentration limit: | in 1,000,000, 


The reagent consists ofa 0:015 percent solution of indole in 96 percent alcohol. 


IV.8 CYANIDES, CN- Solubility 
alkaline earth metals are soluble in wat 
hydrolysis. 


CN" +H,0 > HCN+OH- 


Mercury(II) cyanide, Hg(CN),, is also soluble in water, but is practically a non- 
electrolyte and therefore does not exhibit the ionic reactions of cyanides. Many 


of the metallic cyanides dissolve in solutions of potassium cyanide to yield 
complex salts. 


Use a freshly 
these reactions. 


Only the cyanides of the alkali and 
er; the solutions react alkaline owing to 


Prepared solution of 0-IM potassium cyanide, KCN, to study 


Note: All cyanides are highly poisonous. The free acid, HCN, is volatile 
and is particularly dangerous so that all experiments in which the gas is likely 


to be evolved, or those in which cyanides are heated, should be carried out in the 
fume cupboard. 


2, Silver nitrate solution: white precipitate of silver cyanide, AgCN, readily 
Soluble in excess of the cyanide solution forming the complex ion, dicyano- 
argentate(1) [Ag(CN),]- (cf. Secti 


ion IIL.6, reaction 7). 

3 Concentrated sulphuric acid Heat a lit 

sulphuric acid; carbon monoxide is eyo} 

with a blue flame. Al] cyanides, comple 
treatment. 

2KCN+ 2H,SO,+2H 
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tle of the solid salt with concentrated 
ved which may be ignited and burns 
x and simple, are decomposed by this 


20 > 2CO} +K,SO, + (NH,),SO, 
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4. Prussian blue test This is a delicate test and is carried out in the following 
manner. The solution of the cyanide is rendered strongly alkaline with sodium 
hydroxide solution, a few millilitres of a freshly prepared solution of iron(II) 
sulphate added (if only traces of cyanide are present, it is best to use a saturated 
(25%) solution ofiron(II) sulphate) and the mixture boiled. Hexacyanoferrate(II) 
ions are thus formed. Upon acidifying with hydrochloric acid (in order to 
neutralize any free alkali which may be present), a clear solution is obtained, 
which gives a precipitate of Prussian blue upon the addition of a little iron(II) 


chloride solution. If only a little cyanide was used, or is present, in the solution 
to be tested, a green solution is obtained at first; this deposits Prussian blue on 


standing. 
6CN- +Fe2* — [Fe(CN).]*~ 
3[Fe(CN).]*~ +4Fe?* > Fe,[Fe(CN)e]3! 


5. Mercury(I) nitrate solution: grey precipitate of metallic mercury (difference 
from chloride, bromide, and iodide): 
2CN~ +Hg3* > Hg} +Hg(CN)2 


Mercury(II) cyanide is very little ionized in solution. To detect cyanide in the 
presence of mercury, an excess of potassium iodide should be added to the 


sample, when cyanide ions are liberated: 
Hg(CN); +417 > [Hg]? +2CN™ 
Mercury(II) cyanide is decomposed by hydrogen sulphide, when mercury(II) 
sulphide is precipitated (K, = 4x 10753). If the precipitate is filtered off, 
cyanide ions can be tested for in the solution: 


Hg(CN). +H2S > HgS|+2HCN 
This is another excellent test for cyanides and 


bination of alkali cyanides with sulphur (best 
ulphide). A little ammonium poly- 


6. Iron(III) thiocyanate test 
depends upon the direct combiné 
derived from an alkali or ammonium polys ; e i f 
sulphide solution is added to the potassium cyanide solution contained ina 
porcelain dish, and the whole evaporated to dryness on the water bath in the 
fume cupboard. The residue contains alkali and ammonium thiocyanates to- 
gether with any residual polysulphide. The latter is destroyed by the addition of 
a few drops of hydrochloric acid. One or two drops of iron(II) chloride solution 
are then added. A blood-red colouration, due to the iron(III) thiocyanate 
complex, is produced immediately: 
CN- +52- + SCN +S?" ; 
3SCN™~ + Fe?* > Fe(SCN)3 (cf. Section IV.10, reaction 6). 


The spot-test technique is as follows. Stir a drop of the test solution with a 
drop of yellow ammonium sulphide on a watch glass and warm until a rim of 
sulphur is formed round the liquid (evaporation to dryness, other than on a 
water bath, should be avoided). Add 1-2 drops dilute hydrochloric acid, allow 
to cool, and add 1-2 drops 3 per cent iron(II) chloride solution. A red 


tion is obtained. A 
ity, 1 pg CN. Concentration limit: 1 in 50,000. 
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The test is applicable in the presence of sulphide or sulphite; if thiocyanate is 


originally present, the cyanide must be isolated first by precipitation, e.g. as 
zinc cyanide. 


7. Copper sulphide test Solutions of cyanides readily dissolve copper(II) 
sulphide forming the colourless tetracyanocuprate(I) ions: 


of copper sulphide disappears at once, 
GR -25 ug CN-. Concentration limit: 1 in 20,000. ; 
The copper sulphide suspension is prepared by dissolving 0-12 g crystallized 
copper sulphate in 100 ml water, adding a few drops of ammonia solution and 
rendering the solution cloudy with a little hydrogen sulphide. 


IV.9 CYANATES, OCN- Solubility The cyanates of the alkalis and of the 
alkaline earths are soluble in w: 


ater. Those of silver, mercury(I), lead, and Copper 
are insoluble. The free acid is a colourless liquid with an unpleasant odour; it 
is very unstable, 

To study these reactions use a 0-2 solution of potassium cyanate, KOCN. 
1. Dilute sulphuric acid: vigorous effervescence, due largely to the evolution of 
carbon dioxide. The free cyanic acid, HOCN, which is liberated initially, is 

i nd ammonia, the latter combining with the 
monium sulphate. A little cyanic acid, how- 
may be recognized in the evolved gas by its 
penetrating odour. If the resulting solution is warmed with sodium hydroxide, 
€rcury(I) nitrate Paper). 

OCN- +H* — HOCN 
HOCN+H+ +H,0 > CO.+NH? 


2. „Concentrated sulphuric acid The reaction is similar to that with the dilute 
acid, but is somewhat more vigorous. 

3. Silver nitrate solution: white, curd 
soluble in ammonia solution and in d 
instantaneously, without 


y precipitate of silver cyanate, AgOCN, 
ilute nitric acid. The precipitate appears 


complex formation (difference from cyanide): 


OCN- +Ag* > AgOCN| 
4. Barium chloride solution: no precipitate, 


J. Cobalt acetate solution Whenthe reagent is added to a concentrated solution 
of potassium cyanate. a blu colouration, due to tetracyanatocobaltate(II) ions, 
[Co(OCN),] is produced. The colour is stabilized and intensified somewhat 
by the addition of ethanol, 

40CN- +Co?* _, [Co(Ocn),]2- 
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6. Copper sulphate-pyridine test When a cyanate is added to a dilute solution 
of a copper salt to which a few drops of pyridine have been previously added, a 
lilac-blue precipitate is formed of the compound [Cu(C;H;N), ](OCN),; this 
is soluble in chloroform with the production of a sapphire-blue solution. 
Thiocyanates interfere; excess of copper solution should be avoided. 

20CN™ +Cu?* +2C;H;N —> [Cu(C,H;N),](OCN), 

Add a few drops of pyridine to 2-3 drops of a 0:25 solution of copper sul- 
phate then introduce about 2 ml chloroform followed by a few drops of the 
neutral cyanate solution. Shake the mixture briskly; the chloroform will acquire 
a blue colour. 

Concentration limit: | part cyanate in 20,000. 

The blue complex is stable in the presence of a moderate excess of acetic acid; 
the reaction can therefore be applied to the detection of cyanates in alkaline 
solution. The solution to be tested is added to the copper-pyridine-chloroform 
mixture, acetic acid added slowly and the solution shaken vigorously after each 
addition. As soon as the solution is neutral, the chloroform will assume a blue 
colour. 


IV.10 THIOCYANATES, SCN7* Solubility Silver and copper(I) thio- 
cyanates are practically insoluble in water, mercury(I) and lead thiocyanates 
are sparingly soluble; the solubilities, in g £~* at 20°, are 0:0003, 0:0005, 0:7, 
and 0-45 respectively. The thiocyanates of most other metals are soluble. 

To study these reactions use a 0-1 solution of potassium thiocyanate KSCN. 


1. Sulphuric acid With the concentrated acid a yellow colouration is produced 
in the cold: upon warming a violent reaction occurs, carbonyl sulphide (burns 
with a blue flame) is formed. 
SCN- + H,SO,+H,0 > COSt+NH; +5047 
The reaction however is more complex than this, because sulphur dioxide 
(fuchsin solution decolourized) and carbon dioxide may be detected also in the 
gaseous decomposition products. In the solution some sulphur is precipitated, 


and formic acid can also be detected. ; 4 
With the 2:5m acid no reaction occurs in the cold, but on boiling a yellow 


solution is formed, sulphur dioxide and a little carbonyl ‘sulphide are evolved. 
A similar but slower reaction takes place with sulphuric acid. 


curdy precipitate of silver thiocyanate, AgSCN, 


2. Silver nitrate solution: white, pitat ilver thi 
luble in dilute nitric acid. 


soluble in ammonia solution but inso 
SCN- +Ag* > AgSCN] 
AgSCN| +2NH; > [Ag(NH;)2]* +SCN™ 
Upon boiling with M sodium chloride solution, the precipitate is converted 
into silver chloride: 
AgSCN|+Cl" > AgCI} +SCN™ 
Cee a (0 ta tiple bond ad dons Tod the dale bond was obeer Te: 
Salts will be written as, e.g. KSCN and the ion as SCN-. 
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(distinction and method of separation from silver halides). After acidification 


with hydrochloric acid, thiocyanate ions can be detected with iron(II) chloride 
(cf. reaction 6). 


Silver thiocyanate also decomposes upon ignition or upon fusion with 
sodium carbonate. 


3. Copper sulphate solution: first a green colouration, then a black precipitate 
of copper(II) thiocyanate is observed: 


2SCN™ +Cu?* — Cu(SCN),} 


Adding sulphurous acid (a saturated solutio: 
cipitate turns into white copper(I) thiocyanate: 


2Cu(SCN), + SO, +2H,0 > 2CuSCN| +2SCN- +SO2- +4H+ 


n of sulphur dioxide) the pre- 


4. Mercury(II) nitrate solution: white precipitate of mercury(II) thiocyanate 
Hg(SCN),, readily soluble in excess of the thiocyanate solution. If the precipi- 


tate is heated, it swells up enormously forming ‘Pharaoh’s serpents’, a polymer- 
ized cyanogen product. 


2SCN™ +Hg?* + Hg(SCN),| 
Hg(SCN),| +2SCN- > [Hg(SCN),]?- 


5. Zinc and dilute hydrochloric acid: hydrogen sulphide and hydrogen cyanide 
(POISONOUS) are evolved: 


SCN” +Zn+3H* > HST +HCNf + Zn?+ 


6. Iron(III) chloride Solution: blood-red colouration, due to the formation of 
a complex: 


3SCN- +Fe3+ > Fe(SCN), 


when colourless, more stable complexes are formed: 


Fe(SCN), +6F> > [FeF,]?~ +3SCN- 
4Fe(SCN), +3Hg?+ >» 3[Hg(SCN),]?~ + 4Fe3+ 
Fe(SCN), + 3(COO)3- = [Fe{(COO),},]?~ +3SCN- 
7. Dilute nitric acid: 
duced, and nitrogen 
SCN- +H* 


With concentra 
formation of ni 


decomposition upon warming, a red colouration is pro- 
oxide and hydrogen cyanide (POISONOUS) are evolved: 
+2NO; — 2NOt +HCNT +S02- 


ted nitric acid a more vigorous reaction takes place, with the 
trogen oxide and carbon dioxide. 

8. Distillation test Free thiocyanic acid, HSCN, can be liberated by hydro- 
chloric acid, distilled into ammonia solution, where it can be identified with 
iron(II) chloride (cf. reaction 6), This fest may be applied to separate thio- 
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cyanate from mixtures with ions which would interfere with reaction 6. 

Place a few drops of the test solution in a semimicro test-tube, acidify with 
dilute hydrochloric acid, add a small fragment of broken porcelain and attach a 
gas absorption pipette (Fig. II.28c) charged with a drop or two of ammonia 
solution. Boil the solution in the test-tube gently so as to distil any HSCN 
present into’ the ammonia solution. Rinse the ammonia solution into a clean 
semimicro test-tube, acidify slightly with dilute hydrochloric acid and add a 
drop of iron(III) chloride solution. A red colouration is obtained. 


9. Cobalt nitrate solution: blue colouration, due to the formation of 
[Co(SCN),]?~ (Section III.26, reaction 6). but no precipitate [distinction from 
cyanide, hexacyanoferrate(II) and (111): 


4SCN™ +Co2* > [Co(SCN)3]?~ 
The spot-test technique is as follows. Mix a drop of the test solution in a 
micro crucible with a very small drop (0-02 ml) of 0:5 solution of cobalt nitrate 
and evaporate to dryness. The residue, whether thiocyanate is present or not, is 
coloured violet and the colour slowly fades. Add a few drops of acetone. A blue- 
green or green colouration is obtained. 
Sensitivity: 1 pg SCNT. Concentration limit: 1 in 50,000. 
Nitrites yield a red colour due to nitrosyl thiocyanate and therefore interfere 


with the test. 


10. Catalysis of iodine-azide reaction test Traces of thiocyanates act as power- 
ful catalysts in the otherwise extremely slow reaction between triiodide (iodiné) 
and sodium azide: 

15 +2N3 > 31° +3NaT 
Sulphides (see Section IV.6, reaction 8) and thiosulphates (see Section IV.5, 
reaction 9) have a similar catalytic effect ; these may be removed by precipitation 
with mercury(II) nitrate solution: 

Hg?* +S? > HgS} 

Hg?* +S,03° +H,0 > HgS|+S02° +2H* 
Considerable amounts of iodine retard the reaction; iodine is therefore best 
largely removed by the addition of an excess of mercury(II) nitrate solution 
whereupon the complex [Hegl,]?~ ion, which does not affect the catalysis, is 


formed. i DS : 
Mix a drop of the test solution with 1 drop of the iodine-azide reagent on a 
spot plate. Bubbles of gas (nitrogen) are evolved. r 
Sensitivity: 1:5 pg KSCN. Concentration limit: lin 30,000. atte 
The reagent is prepared by dissolving 3 g sodium azide in 100 ml 0:05 iodine. 


NOFERRATE(I) IONS, [Fe(CN),]*~ Solubility The 
noferrate(II)s are soluble in water; those of 
d dilute acids, but are de- 


IV.11 HEXACYA 
alkali and alkaline earth hexacya: ) 
the other metals are insoluble in water and in col 


d by alkalis. 
Sees OOS solution of potassium hexacyanoferrate(II), (often called potas- 
sium ferrocyanide), K,[Fe(CN),].3H20, to study these reactions. 
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1. Concentrated sulphuric acid: complete decomposition occurs on prolonged 
boiling with the evolution of carbon monoxide, which burns with a blue flame: 


[Fe(CN),]*" +6H,SO,+ 6H,0 — Fe?* + 6NHj + 6COft + 6S02- 


a little sulphur dioxide may also be produced, due to the oxidation of iron(II) 
with sulphuric acid: 


2Fe** +2H,SO, > 2Fe?* +SO,t +S0O2° +2H,O 


With dilute sulphuric acid, little reaction occurs in the cold, but on boiling, 
a partial decomposition of hexacyanoferrate(II) occurs with the evolution of 


hydrogen cyanide (POISON): 
[Fe(CN),]*- +6H* > 6HCNT+Fe?* 


Iron(II) ions, formed in this r 
hexacyanoferrate, yieldin 
hexacyanoferrate(II) : 


eaction, react with some of the undecomposed 
g initially a white precipitate of potassium iron(II) 


[Fe(CN),]*" +Fe?* +2K* + K,Fe[Fe(CN)¢]] 


This precipitate is gradually oxidized to Prussian blue by atmospheric oxygen 
(cf. Section 111.21, reaction 6). 


2. Silver nitrate solution: white precipitate of silver hexacyanoferrate(II): 
[Fe(CN),]*- +4Ag* > Ag,[Fe(CN),]] 
The precipitate is insoluble in ammonia [distinction from hexacyanoferrate(II 1] 
and nitric acid, but soluble in potassium cyanide and sodium thiosulphate: 
Ag,[Fe(CN),]1+8CN- > 4[Ag(CN),]- + [Fe(CN),]*- 
Ag,[Fe(CN),]| +8S,02- | 4[Ag(S.05),]3- + [Fe(CN),]*- 


Upon warming with concentrated nitric acid, th 
orange-red silver hexacyanoferrate( II), when it b 


3Ag,[Fe(CN),]|+HNO,+3H* > 


> 3Ag,[Fe(CN),]| +3Ag* + NOT + 2H,0 
> 3[Ag(NH),]* +[Fe(CN),]?~ 


e precipitate is converted to 
comes soluble in ammonia: 


Ags[Fe(CN),]| + 6NH, 


3. Tron(III) chloride Solution: precipitate of Prussian blue in neutral or acid 
solutions: 


3[Fe(CN),]*- + 4Fe3+ _, Fe,[Fe(CN),];| 
the precipitate is decomposed b; 
hydroxide being forme 


The spot-test technique is as follows. 
plate with a drop of 


Sensitivity: 1 ug [Fe(CN),]#- 


4. Iron(II) sulphate solution: white precipitat i i z 
rano K FEON precipitate of potassium iron(II) hexa 


Je], which turns rapi idati 
reaction | and also Section m3 reaction 6). oo ele ete ee 


- Concentration limit: | in 400,000. 
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5. Copper sulphate solution: brown precipitate of copper hexacyanoferrate(II): 
[Fe(CN).]*” +2Cu?* > Cu,[Fe(CN),]| 


The precipitate is insoluble in dilute acetic acid, but decomposes in solutions 
of alkali hydroxides. 


6. Thorium nitrate solution: white precipitate of thorium hexacyanoferrate(II): 


[Fe(CN),]* +Th** > Th[Fe(CN),]! 
It is difficult to filter this precipitate, as it tends to form a colloid. The reaction 
can be used to distinguish hexacyanoferrate(II) ions from hexacyanoferrate(III) 
and thiocyanate, which do not react. 


7. Hydrochloric acid If a concentrated: solution of potassium hexacyano- 
ferrate(II) is mixed with 1:1 hydrochloric acid, hydrogen hexacyanoferrate(II) 
is formed, which can be extracted by ether: 


[Fe(CN),.]*" +4H* = H,[Fe(CN).] 
By evaporating the ether, the substance is obtained as a white crystalline solid. 


8. Dry test All hexacyanoferrate(II) compounds are decomposed on heating, 
nitrogen and cyanogen being evolved: 
3K 4[Fe(CN)6] > N2t +2(CN)3f +12KCN+Fe;C+C 


IV.12 HEXACYANOFERRATE(II) IONS [Fe(CN),]?~ Solubility Alkali 
and alkaline earth hexacyanoferrate(III)s are soluble in water, as is iron(II) 
anoferrate(III). Those of most other metals are insoluble or sparingly 


hexac 
i ferrate(III)s are in general more soluble than metal 


soluble. Metal hexacyano 


hexacyanoferrate(II)s. ' ) 
To study these reactions use a 0-033m solution of potassium hexacyano- 


ferrate(III) K3[Fe(CN)6.]. 


cid On warming a solid hexacyanoferrate(III) 


. Concentrated sulphuric a 
with th xide gas being evolved: 


with this acid, it is decomposed completely, carbon mono: 
K,[Fe(CN),] + 6H2SO, + 6H,0 > 6COT + Fet +3K* +6NHi +6S02- 
With dilute sulphuric acid, no reaction occurs in the cold, but on boiling hydro- 
cyanic acid (POISON) is evolved: 
[Fe(CN).]?~ +6H* > Fe** +6HCNT 


This test must be carried out in a fume cupboard with good ventilation. 

2. Silver nitrate solution: orange-red precipitate of silver hexacyanoferrate(III): 
[Fe(CN).]> +3Ag* > Ag[Fe(CN)s]} 

The precipitate is soluble in ammonia [distinction from hexacyanoferrate(11)], 


but insoluble in nitric acid. 
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ion: ipi i lier 
. Iron(II) sulphate solution: dark-blue precipitate of Prussian blue (ear! 
ae ete blue), in neutral or acid solution. (Section III.21, reaction 7). 


4. Iron(III) chloride solution: brown colouration, owing to the formation of 
undissociated iron(III) hexacyanoferrate(III): 

[Fe(CN),]>~ +Fe?* > Fe[Fe(CN),] 
(cf. Section III.22, reaction 7). 


5. Copper sulphate solution: 
ferrate(III): 


2[Fe(CN),]?> +3Cu?* + Cus[Fe(CN),]2| 


green precipitate of copper(II) hexacyano- 


6. Concentrated hydrochloric acid: adding concentrated hydrochloric acid to a 
saturated solution of potassium hexacyanoferrate(III) in cold, a brown pre- 


cipitate of free hydrogen hexacyanoferrate(III) (hexacyanoferric acid) is 
obtained: 


[Fe(CN),]?~ +3HCI > H3[Fe(CN),]| +3CI- 


7. Potassium iodide solution : iodine is liberated in the presence of dilute hydro- 
chloric acid, and may be identified by the blue colour produced with starch 
solution: 


2[Fe(CN),]*- +217 > 2[Fe(CN),]*- +1, 


The reaction is reversible: in neutral solution iodine oxidizes hexacyano- 
ferrate(II) ions. 


8. Action of heat Alkali hexacyanoferrate(III)s decompose similarly to 
hexacyanoferrate(II)s (cf. Section IV.11, reaction 8): 


6K3[Fe(CN),] > 6N,1 +3(CN).1 + IBKCN+2Fe,C + 10C 


IV.13 HYPOCHLORITES, OCI- Solubility All hypochlorites are soluble 
in water. They react alkaline because of hydrolysis: 


OCI- +H,0 2 HOCI+OH™- 

In solution hypochlorites dis; 

solution, when chlorate and chl 
30CI- > ClO; +2¢1- 


Thus, if these reactions are to be stu 
Prepared. By saturating 2M sodium hydr 
of sodium hypochlorite is obtained: 
Cl,+20H” > CIO- +C1- +H,0 


Chloride ions are invariably present and these will interfere with some ionic 
reactions, 


Proportionate, slowly in cold but fast in hot 
loride ions are formed: 


died, the solution should be freshly 
oxide with chlorine gas, a M solution 
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1. Dilute hydrochloric acid: the solution first turns to yellow, later effervescence 
occurs and chlorine is evolved: 
ocl- +H* > HOCI 
HOCI+H*+Cl- > Cl,f+H20 


The gas may be identified (a) by its yellowish-green colour and irritating odour, 
(b) by its bleaching a wet litmus paper, and (c) by its action upon potassium 
iodide-starch paper, which it turns blue-black: 


Cl,t+21° > 2Cl +1, 


2. Potassium iodide-starch paper : a bluish-black colour is formed in neutral or 
weakly alkaline solution as the result of separation of iodine: 

OCI- +217 +H,0 > I,+20H + CI- 
If the solution is too alkaline the colour disappears because hypoiodite and 
iodide ions are formed: 

1,+20H” > OF +I" +H,0 


3. Lead acetate or lead nitrate solution: brown lead dioxide is produced on 
boiling: 


OCI- + Pb?* +H,0 > PbO2| + 2H*+Cl- 


4. Cobalt nitrate solution: adding a few drops of the reagent to a solution of the 
hypochlorite, a black precipitate of cobalt(III) hydroxide is obtained: 


2Co?* +OCI +5H,0 > 2Co(OH)3| +Cl +4H* 
Hydrogen ions, formed in the reaction, are neutralized by the excess alkali 
“ present. On warming, oxygen is liberated (identified by the rekindling of a 
glowing splint), the cobalt acting as a catalyst: 


20CI- + 2CI- + O2t 


On shaking a slightly acidified (use sulphuric acid) solution of a 


5. Mercury ied l 1 
a brown precipitate of basic mercury(II) chloride 


hypochlorite with mercury, 
(HgCl),0 is formed: 


HgCl 


YA 
2Hg+2H* +20Cl > ce) +H,0 
HgCl} 


The precipitate is soluble in dilute hydrochloric acid, when undissociated 


mercury(II) chloride is formed: 


HgCl 
A +2H* +2C17 + 2HgCl, +H,0 
N 
HgCl 
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If the precipitate is separated from the excess of mercury, washed and dissolved 
in hydrochloricacid, mercury can be detected in the solution by passing hydrogen 
sulphide into it (cf. Section II.8). 

Chlorine water, under similar 


conditions, produces a white precipitate of 
mercury(l) chloride Hg,Cl,. 


1. Concentrated sulphuric acid: considerable decomposition of the chloride 
occurs in the cold, becoming complete on warming, with the evolution of hydro- 
gen chloride, 


CI- +H,80, > HCIt +Hsoz 


The product is recognized (a) by its pungent odour 
fumes, Consisting of fine drops of hydrochloric acid, on blowing across the 
mouth of the tube, (b) by the formation of white clouds of ammonium chloride 


when a glass rod moistened with ammonia solution is held near the mouth of the 
vessel, and (c) by its turning blue litmus Paper red. 


and the production of white 


xture gently warmed, chlorine is evolved which 

yellowish-green colour, its bleaching of 
turning of potassium iodide-starch paper blue. 
rmed is oxidized to chlorine, 


+Cl,t +2S02- +2H,0 
3. Silver nitrate solution: white, curdy Precipitate of silver chloride, AgCI], 
insoluble in water and in dilute Nitric acid, but soluble in dilute ammonia 
solution and in Potassium cyanide and Sodium thiosulphate solutions (see under 
Silver, Section THL.6, reaction 1): 
Cl+Agt > AgCl) 
AgCI} +2NH, > [Ag(NH;);]* +c1- 
[Ag(NH,),]* +C1- +2H* ., AgCl|2NH 4 


3AgCl+ AsO3~ _, Ag,AsO,| +3C1- 


* The commercial substance (Pyrolusite) usually contains considerable quantities of chlorides. 
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4. Lead acetate solution: white precipitate of lead chloride, PbCl,, from 
concentrated solutions (see under Lead, Section JII.4, reaction 1): 


2Cl" +Pb?* > PbCl,| 


5. Potassium dichromate and sulphuric acid (chromyl chloride test) The solid 
chloride is intimately mixed with three times its weight of powdered potassium 
dichromate in a small distilling flask (Fig. IV.1), an equal bulk of concentrated 
sulphuric acid is added and the mixture gently warmed.* The deep-red vapours 
of chromyl chloride, CrO,Cl,, which are evolved are passed into sodium 
hydroxide solution contained in a test-tube. The resulting yellow solution in the 
test-tube contains sodium chromate; this is confirmed by acidifying with dilute 
sulphuric acid, adding 1-2 ml amyl alcohol? followed by a little hydrogen 
peroxide solution. The organic layer is coloured blue. Alternatively, the 
diphenyclarbazide reagent test (Section IV.33, reaction 9) may be applied. 
The formation of a chromate in the distillate indicates that a chloride was 
present in the solid substance, since chromyl chloride is a readily volatile liquid 
(b.p. 116°5°C). 

4Cl- +Cr 047 +6H* > 2CrO,Cl,t +3H,0 

CrO,Cl,,+4OH- > CrO2?- +2C17 +2H,0 

Some chlorine may also be liberated, owing to the reaction: 

6CI- + Cr,03- + 14H* > 3Cl,7 +2Cr°* +7H,0 
and this decreases the sensitivity of the test. 

Bromides and iodides give rise to the free halogens, which yield colourless 
solutions with sodium hydroxide: if the ratio of iodide to chloride exceeds 1:15, 
the chromyl chloride formation is largely prevented and chlorine is evolved.t 
Fluorides give rise to the volatile chromyl fluoride, CrO, F,, which is decomposed 
by water, and hence should be absent or removed. Nitrites and nitrates interfere, 
as nitrosyl chloride may be formed. Chlorates must, of course, be absent. 

The chlorides of mercury, owing to their slight ionization, do not respond to 
this test. Only partial conversion to CrO,C!, occurs with the chlorides of lead, 
silver, antimony, and tin. i 

The spot-test technique is as follows. Into the tube of Fig. II.54 place a few 
milligrams of the solid sample (or evaporate a drop or two of the test solution 
in it), add a small quantity of powdered potassium dichromate and a drop of 
concentrated sulphuric acid. Place a column about 1 mm long of a 1 per cent 
solution of diphenylcarbazide in alcohol into the capillary of the stopper and 
heat the apparatus for a few minutes. The chromyl chloride evolved causes the 


reagent to assume a violet colour. ZoNa 
Sensitivity: 1-5 pg C17. Concentration limit: 1 in 30,000. 


* This test must not be carried out in the presence of chlorates because of the danger of forming 
rine dioxide (Section IV.19, reaction 1). ; 
+ Diethyl ether may also be used, but owing to its highly inflammable character and the possible 
presence of peroxides (unless previously removed by special treatment), it is preferable to employ 
amyl alcohol or, less efficiently, amyl acetate. E SF j 4 

The iodine reacts with the chromic acid yielding iodic acid: the latter, in the presence of con- 
Eiaa sulphuric acid and especially on warming, liberates chlorine from chlorides, regenerating 
iodide. This explains the failure to form chromyl chloride. 


explosive chlo! 
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X T a D 
IV.15 BROMIDES, Br~ Solubility Silver, mercury(I), and copper( 
are insoluble in Water! Lead bromide is sparingly soluble in cold, but more 
soluble in boiling water. All other bromides are soluble. s , 

To study these reactions use a 0-1M solution of potassium bromide KBr. 


1. Concentrated sulphuric acid If con 
some solid potassium bromide, first a 
reddish-brown vapours of bromine a 
in moist air) which is evolved: 


KBr+H,SO, > HBrt +HSO; +K* 


2KBr+2H,SO, > Br,t +SO,t +SO2- +2K* +2H,0 


These reactions are accelerated by warming. If concentrated phosphoric acid is 
substituted for the sulphuric aci 


id and the mixture is warmed, only hydrogen 
bromide is formed: 


centrated sulphuric acid is poured on 
reddish-brown solution is formed, later 
‘company the hydrogen bromide (fuming 


KBr+H3PO, > HBrt +H,PO;+K+ 
The properties of hydrogen bromide are similar to those of hydrogen chloride. 


2. Manganese dioxide and concentrated sulphuric acid When a mixture of a 
solid bromide, precipitated manganese dioxide, and concentrated sulphuric 
acid is warmed, reddish-brown vapours of bromine are evolved. Bromine is 
i irritating odour, (b) by its bleaching of litmus 
Paper, (c) by its staining of starch paper orange-red and, (d) by the red colouration 
Produced upon filter Paper impregnated with fluorescein (see reaction 8 below): 


2KBr+MnO, + 2H,SO, > Br,t+2K* +Mn2+ +2504- +2H,0 
3. Silver nitrate solution: curdy, pale-yellow precipitate of silver bromide, 
AgBr, sparingly soluble in dilute, but readily soluble in concentrated ammonia 
solution. The precipitate is also soluble in potassium cyanide and sodium 
thiosulphate Solutions, but insoluble in dilute nitric acid. 


Br +Agt = AgBr| 
4. Lead acetate solution: white crystalline precipitate of lead bromide: 
2Br +Pb?* > PbBr, | 
The precipitate is soluble in boiling water. 


The addition o 
e bromine, which colours t 


less hypobromous or bro 
(difference from iodide). 


* In practice, it is more convenient to use dilute sodi 7 A fat ith 
dilute hydrochloric acid. odium hypochlorite solution, acidified wi 
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2Br- +Cl,t > Bra? +2C17 
Brjt+Clof = 2BrCl 
Br,f +Cl,t +2H,O > 20Br- +2Cl- +4H* 
Br} + 5Cl,f +6H,O —> 2BrO3 + 10CI- + 12H* 


6. Potassium dichromate and concentrated sulphuric acid On gently warming a 
mixture of a solid bromide, concentrated sulphuric acid, and potassium 
dichromate (see Chlorides, Section IV.14, reaction 5) and passing the evolved 
vapours into water, a yellowish-brown solution, containing free bromine but 
no chromium, is produced. A colourless (or sometimes a pale-yellow) solution 
is obtained on treatment with sodium hydroxide solution; this does not give the 
chromate reaction with dilute sulphuric acid, hydrogen peroxide and amyl 
alcohol, or with the diphenyl carbazide reagent (distinction from chloride). 


6KBr+K,Cr,0, + 7H,SO, > 3B4, +2Cr?* + 8K * +7802" + 7H,0 


7. Nitric acid Hot, fairly concentrated (1:1) nitric acid oxidizes bromides 
to bromine: 
6Br~ +8HNO, > 3Br,f +2NOT+6NO; +4H,0 


8. Fluorescein test Free bromine converts the yellow dyestuff fiuorescein(1) 
into the red tetrabromofluorescein or eosin(II). Filter paper impregnated with 
fluorescein solution is therefore a valuable reagent for bromine vapour since the 


paper acquires a red colour. 


Br Br 
POCO eC. 
cl Br Cc Br 
COOH Go 
+4Br, > +4Br +4H* 
@ (ID 


Chlorine tends to bleach the reagent. Iodine forms the red-violet coloured iodo- 
eosin and hence must be absent. If the bromide is oxidized to free bromine by 
heating with lead dioxide and acetic acid, practically no chlorine is simul- 
taneously evolved from chlorides, and hence the test may be conducted in the 


presence of chlorides. 

2Br- + PbO, + 4CH;COOH > Br2t +Pb?* +4CH,COO +2H,0 
r with a few milligrams of lead dioxide 
53 and close the tube with the funnel 
hich has been impregnated with the 
ntly. A circular red spot is formed on 


Place a drop of the test solution togethe' 
and acetic acid in the apparatus of Fig. II 
arrying a piece of filter paper w! 
reagent and dried. Warm the apparatus ge 

test paper. 
he eo ey te apparatus of Fig. 11.54 may be used; a column, about 1 mm 
f the reagent, is employed. ee ee 
PE ATi: 2 pg Bro. Concentration limit: 1 in 25,000. 
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The fluorescein reagent consists of a saturated solution of fluorescein in 
50 per cent alcohol. 


9. Fuchsin (or Magenta) test The dyestuff fuchsin(I) forms a colourless 
Ne 
cin, c 
ao, = 
CH, 
(C) 


addition compound with h 
decolourized fuchsin into 


presence of chlorides and iodides. 
Place a drop of the test solution (or a few milli 
tube of the apparatus shown in Fig. 11.54, add 2 


The reagent consists of a 
sodium hydrogen sulphite. 


IV.16 IODIDEs, IG Solubility The so 
to the chloride and bromides. Silver, mercury(I), mercury(II), copper(I), and 
lead iodides are the le 


e ast soluble salts. These reactions can be studied with a 
0-1M solution of potassium iodide, KI, 


lubilities of the iodides are similar 


+4H,0 
251 +4502- +40 


Pure hydrogen iodide is formed on warming 


with concentrated phosphoric 
acid: 
I- +H,PO, > HIt +H,PO; 
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If manganese dioxide is added to the mixture, only iodine is formed and the 
sulphuric acid does not get reduced: 


21- +MnO,+2H,SO, —> 1,1 ++Mn?* +2SO2" +2H,0 


2. Silver nitrate solution: yellow, curdy precipitate of silver iodide Agl, readily 
soluble in potassium cyanide and in sodium thiosulphate solutions, very 
slightly soluble in concentrated ammonia solution, and insoluble in dilute 


nitric acid. 
I +Ag* > Agl 


3. Lead acetate solution: yellow precipitate of lead iodide, Pbl,, soluble in 
much hot water forming a colourless solution, and yielding golden-yellow plates 


(‘spangles’) on cooling. 
217 +Pb?* > Pbl, 


4. Chlorine water* When this reagent is added dropwise to a solution of an 
iodide, iodine is liberated, which colours the solution brown; on shaking with 
1-2 ml carbon disulphide, chloroform or carbon tetrachloride it dissolves form- 
ing a violet solution, which settles out below the aqueous layer. The free iodine 
may also be identified by the characteristic blue colour it forms with starch 
solution. If excess chlorine water is added, the iodine is oxidized to colourless 
iodic acid. 
217 +Cl,t > l2 +201 
1,+5Cl,1+6H20 > 210; +10C17 + 12H* 


5. Potassium dichromate and concentrated sulphuric acid: only iodine is liber- 
ated, and no chromate is present in the distillate (see Chlorides, Section IV.14, 


reaction 5) (difference from chloride). 
6I- + Cr,02- +7H,SO, > 312f +2Cr3+ +7804 +7H,0 
6. Sodium nitrite solution Iodine is liberated when this reagent is added to an 


iodide solution acidified with dilute acetic or sulphuric acid (difference from 
bromide and chloride). The iodine may be identified by colouring starch paste 


blue, or carbon tetrachloride violet. 
21 +2NO; +4H* > I, +2NOf +2H,0 


7. Copper sulphate solution: brown precipitate consisting of a mixture of 
Cul, and iodine. The iodine may be removed by the addition 


copper(I) iodide, t c 
of sodium thiosulphate solution or sulphurous acid, and a nearly white pre- 


cipitate of copper(I) iodide obtained. 
417 +2Cu?* > 2Cul} +1, 
I, 428,037 > 21° +8,0% 


odium hypochlorite solution acidified with dilute 


* In practice it is more convenient to use dilute sı 


hydrochloric acid. 
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8. Mercury(II) chloride solution: scarlet precipitate of mercury(II) iodide: 
21 +HgCl, > Hgl, | +2C17 


(note that mercury(II) chloride is practically undissociated in solution). The 


precipitate dissolves in excess potassium iodide, forming a tetraiodo- 
mercurate(II) complex: 


Hel,|+2I- > [Hg] 


21- +2NO; +4H* — I, +2NOt+2H,0 


Cyanides interfere because of the formation of cyanogen iodide: they are there- 
fore removed before the test either b 


y heating with sodium hydrogen carbonate 
solution or by acidifying and heating: 


L+CN- > ICNt+I- 


Mix a drop of the acid test solution 


and add a drop of 50 per cent potassi 
obtained. 


Sensitivity: 2-5 ug I. 


on a spot plate with a drop of the Teagent 
um nitrite solution. A blue colouration is 


Concentration limit: 1 in 20,000. 


10. Catalytic reduction of cerium(IV) salts test 


The reduction of cerium(IV) 
salts in acid solutio 


n by arsenites takes place very slowly: 
ZGert +As03~ +H,0 > 2Ce3+ +AsO3- +2H+ 


Todides accelerate this change, 


] Possibly owing to iodine liberated in the 
instantaneous reaction (i): 
2Ce** +21 + 2Ce3* 41, à) 
reacting further according to (ii): 
As03- +I, +H,0 > AsO3- +21- 4+2H* (ii) 


the iodide ion Teac} 


IV.17 FLUORIDES, F- Solubility The 
metals and of silver, mercury, aluminiu 
water, those of lead, Copper, iron(II), ba; 


fluorides of the common alkali 
m, and nickel are readily soluble in 
num, and lithium are slightly soluble, 
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and those of the other alkaline earth metals are insoluble in water. 
To study these reactions use a 0: 1M solution of sodium fluoride, NaF. 


1. Concentrated sulphuric acid With the solid fluoride, a colourless, corrosive 
gas, hydrogen fluoride, H,F;, is evolved on warming; the gas fumes in moist air, 
and the test-tube acquires a greasy appearance as a result of the corrosive action 
of the vapour on the silica in the glass, which liberates the gas, silicon tetra- 
fluoride, SiF,. By holding a moistened glass rod in the vapour, gelatinous silicic 
acid H, SiO; is deposited on the rod; this is a product of the decomposition of the 
silicon tetrafluoride. 

2F7 +H,SO, > H,F2f +504 

SiO, +2H2F, > SiF4T +2H,0 

3SiF,1 +3H,0 > 2[SiF6]" + H,SiO;|+4H* 

Note that at room temperature hydrogen fluoride gas is almost completely 
aimerized, therefore its formula has been written as H,F2. At elevated tempera- 
tures (say 90°C) it dissociates completely to monomer hydrogen fluoride: 


H,F, 2 2HF 


The same result is more readily attained by m 
equal bulk of silica, making into a paste with concentrated 


warming gently; silicon tetrafluoride is readily evolved. 


ixing the solid fluoride with an 
sulphuric acid and 


A clean watch glass is coated on the convex side with 
f the glass is exposed by scratching a design on the wax 
ut 0:3 g fluoride and 1 ml concentrated 
sulphuric acid is placed in a small lead or platinum crucible, and the latter 


immediately covered with watch glass, convex side down. A little water should 
be poured in the upper (concave) side of the watch glass to prevent the wax from 
melting. The crucible is very gently warmed (best on a boiling water bath). 
After 5-10 minutes, the hydrogen fluoride will have etched the glass. This is 
readily seen after removing the paraffin wax by holding above a flame or with 
hot water, and then breathing upon the surface of the glass. 

The test may also be conducted in a small lead capsule, provided with a close- 
fitting lid made from lead foil. A small hole of about 3 mm diameter is pierced 
in the lid. About 0-1 g suspected fluoride and a few drops concentrated sulphuric 
acid are placed in the clean capsule, and a small piece of glass (e.g. a microscope 
slide) is placed over the hole in the lid. Upon warming very gently (best on a 
water bath) it will be found that an etched spot appears on the glass where it 


covers the hole. 
Chlorates, silicates, and bor: 


2. The etching test 
paraffin wax, and part 0 
with a nail or wire. A mixture of abo 


ates interfere and should therefore be absent. 


3. Silver nitrate solution: no precipitate, since silver fluoride is soluble in water. 


4. Calcium chloride solution: white, slimy precipitate of calcium fluoride, CaF,. 
sparingly soluble in acetic acid, but slightly more soluble in dilute hydrochloric 


acid. 
2F- +Ca?* > CaF] 
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5. Iron(III) chloride solution: white crystalline precipitate of sodium hexafluoro- 
ferrate(III) from concentrated solutions of fluorides, sparingly soluble in water. 
The precipitate does not give the reactions of iron (e.g. with ammonium 
thiocyanate), except upon acidification. 


6F +Fe** +3Na* > Na,[FeF,]| 


6. Zirconium-alizarin lake test Hydrochloric acid solutions of zirconium salts 
are coloured reddish-violet by alizarin-S or by alizarin (see under Aluminium, 
Section III.23, reactions 8 and 9 and under Zirconium, Section VI.18, reaction 
8); upon adding a solution of a fluoride the colour of such solutions changes 
immediately to a pale yellow (that of the liberated alizarin sulphonic acid or 
alizarin) because of the formation of the colourless hexafluorozirconate(IV) ion 
[ZrF,]?~. The test may be performed on a spot plate. 

Mix together on a spot plate 2 dro 


|IV.18 NITRATES, NO; Solubility All nitrates are soluble in water. The 
nitrates of mercury and bismuth yield basic salts on treatment with water; these 
are soluble in dilute nitric acid. 


These reactions can be studied with a 0-1M solution of potassium nitrate KNO,. 


l. Concentrated sulphuric a 


! cid: reddish-brown vapours of nitrogen dioxide, 
ccompanied by pungent acid vapours of nitric acid which fume in the air, are 
formed on heating the solid nitrate i 


4NO; +2H,SO, > 4NO,1+0,f + 2504-7 +2H,O 
2. Concentrated sulp; 
with the solid nitrate, 
the solution acquires 
A solution of the nit 
very cautiously, 


huric acid and bright copper turnings On heating these 
reddish-brown fu: 


mes of nitrogen dioxide are evolved, and 
a blue colour Owing to the formation of copper(II) ions. 
rate may also be used; the sulphuric acid is then added 
2NO; +4H,S0,+3Cu > 3Cu2+ 


+2NOf +4S02> +4H,0 
2NOt +0,1 > 2NO,} 


solution, mix the liquids thoro 
water from the tap. Pour a sa 


182 


REACTIONS OF THE ANIONS _IV.18 


side of the tube so that it forms a layer on top of the liquid. A brown ring will 
form at the zone of contact of the two liquids. 

The brown ring is due to the formation of the [Fe(NO)]?*. On shaking and 
warming the mixture the brown colour disappears, nitric oxide is evolved, and 
a yellow solution of iron(III) ions remains. The test is unreliable in the presence 
of bromide, iodide, nitrite, chlorate, and chromate (see Section IV.45, reactions 
3 and 4). 

2NO; +4H,SO,+ 6Fe?* > 6Fe** +2NOT +4S037 + 4H,0 
Fe?* + NOt > [Fe(NO)]?* 


Bromides and iodides interfere because of the liberated halogen; the test is 
not trustworthy in the presence of chromates, sulphites, thiosulphates, iodates, 
cyanides, thiocyanates, hexacyanoferrate(II) and (III) ions. All of these anions 
may be removed by adding excess of nitrate-free Ag,SO, to an aqueous solution 
(or sodium carbonate extract), shaking vigorously for 3—4 minutes, and filtering 


the insoluble silver salts, etc. 
Nitrites react similarly to nitrates. They are best removed by adding a little 


sulphamic acid (compare Section IV.7, reaction 10). The following reaction 
takes place in the cold: 
H,N-HSO,+NO; > N2T+ SO2- +H*+H,0 
The spot-test technique is as follows. Place a crystal of iron(II) sulphate about 


as large as a pin head on a spot plate. Add a drop of the test solution and allow 
a drop of concentrated sulphuric acid to run in at the side of the drop. A brown 


ring forms round the crystal of iron(II) sulphate. 
Sensitivity: 2:5 ug NO3. Concentration limit: 1 in 25,000. 


alkaline medium Ammonia is evolved (detected by 
its odour; by its action upon red litmus paper and upon mercury(I) nitrate 
paper; or by the tannic acid-silver nitrate test, Section III.38, reaction 7) when 
a solution of a nitrate is boiled with zinc dust or gently warmed. with aluminium 
powder and sodium hydroxide solution. Excellent results are obtained by the 
use of Devarda’s alloy (45 per cent Al, 5 per cent Zn, and 50 per cent Cu). 
Ammonium ions must, of course, be removed by boiling the solution with 
sodium hydroxide solution (and, preferably, evaporating almost to dryness) 
before the addition of the metal. 
NO; +4Zn+7OH~ +6H,0 > NH31+4[Zn(OH),]° 
3NO; +8A1+ 50H- + 18H,O > 3NH3f+ 8[Al(OH),]~ 


e a similar reaction and may be removed most simply with the aid 
of sulphamic acid (see reaction 3). Another, but more expensive, procedure 
involves the addition of sodium azide to the acid solution; the solution is 
allowed to stand fora short time and then boiled in order to complete the reaction 


and to expel the readily volatile hydrogen azide: 
NO; +N3 42H+ + N,f+N,0T+H.0 
Nj +H* > HNsT 
ds which evolve ammonia under the above con- 
hexacyanoferrate(II) and (III) ions. These 
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4. Reduction of nitrates in 


Nitrites giv 


Other nitrogen compoun 
ditions are cyanides, thiocyanates, 


IV.18 QUALITATIVE INORGANIC ANALYSIS 


ved by treating the aqueous solution (or a sodium carbonate 

are ra E free silver sulphate (cf. Section V.4, 3), warming , 
the mixture to about 60°, shaking vigorously for 3—4 minutes and filtering from 
the silver salts of the interfering anions and excess of precipitant. The excess 
silver ions are removed from the filtrate by adding an excess of sodium hydroxide 
solution, and filtering from the precipitated silver oxide. The filtrate is concen- 
trated and tested with zinc, aluminium, or Devarda’s alloy. i 

Attention is directed to the fact that arsenites are reduced in alkaline solution 
by aluminium, Devarda’s alloy, etc., to arsine, which blackens mercury(I) 
nitrate paper and. also gives a Positive tannic acid-silver nitrate test. Hence 
neither the mercury(I) nitrate test nor the tannic acid-silver nitrate test for 
ammonia is applicable if arsenites are present. 


5. Diphenylamine reagent (C6H5. NH.C; 


fully down the side of the test-tube so that it forms a layer above the solution of 
the reagent; a blue Ting is formed at the zone of contact of the two liquids. The 
test is a very sensitive one, but unfortunately is also given by a number of oxidiz- 
ing agents, such as nitrites, chlorates, bromates, iodates, permanganates, 
chromates, vanadates, molybdates, and iron(II) salts, 

The reagent is prepared by dissolving 0-5 
trated sulphuric acid diluted to 100 ml with 


Hs) Pour the nitrate solution care- 


g diphenylamine in 85 ml concen- 
water. 


6. Nitron reagent ( diphenyl-endo-anilo-dihydrotriazole C2r0H 1 6N4) 


white crystalline Precipitate of nit: 
of nitrates, Bromides, iodides, 
thiocyanates, oxalates, and picrat 
the reaction is n 
The reagent i 


Ton nitrate C20H16N4, HNO, with solutions 
nitrites, chromates, chlorates, perchlorates, 


€s also yield insoluble compounds, and hence 
ot very characteristic. 


S prepared by dissolving 5 g nitron in 100 ml 2m acetic acid. 
7. Action of heat 
Potassium evolve 
(brown fumes with 


The result varies with 
oxygen (test with glo 
dilute acid); ammoni 


the metal. The nitrates of sodium and 
wing splint) and leave solid nitrites 
um nitrate yields dinitrogen oxide and 
s leave a residue of the metal, nie a 
oxygen is evolved: the nitrates of the other 
metals, such as those of lead and copper, evolve oxygen and nitrogen dioxide, 
and leave a residue of the oxide, 


2NaNO, > 2NaNO,+0,t 

NH,NO, = N,01+2H,0 

2AgNO, > 2Ag+2NO,1+0,1 
2Pb(NO;), > 2Pb0+4NO,t +0,1 
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8. Reduction to nitrite test Nitrates are reduced to nitrites by metallic zinc in 
acetic acid solution; the nitrite can be readily detected by means of the sulphanilic 
acid-a-naphthylamine reagent (see under Nitrites, Section IV.7, reaction 11). 
Nitrites, of course, interfere and are best removed with sulphamic acid (see 
reaction 3 above). 

Mix ona spot plate a drop of the neutral or acetic acid test solution witha drop 
of the sulphanilic acid reagent and a drop of the a-naphthylamine reagent, and 
add a few milligrams of zinc dust. A red colouration develops. 

Sensitivity: 0-05 pg NO3. Concentration limit: 1 in 1,000,000. 


IV.19 CHLORATES, CIO} Solubility All chlorates are soluble in water: 
potassium chlorate is one of the least soluble (66 g 2~' at 18°) and lithium 
chlorate one. of the most soluble (3150 g £~" at 18°). 

To study these reactions use a 0-1M solution of potassium chlorate. 


1. Concentrated sulphuric acid (DANGER) All chlorates are decomposed 
with the formation of the greenish-yellow gas, chlorine dioxide, ClO,, which 
dissolves in the sulphuric acid to give an orange-yellow solution. On warming 
gently (DANGER) an explosive crackling occurs, which may develop into a 
violent explosion. In carrying out this test one or two small crystals of potassium 
chlorate (weighing not more than 0:1 g) are treated with 1 ml concentrated 
sulphuric acid in the cold; the yellow explosive chlorine dioxide can be seen on 
shaking the solution. The test-tube should not be warmed, and its mouth 
should be directed away from the experimenter. 


3KCIO, +3H,SO, > 2ClO,f + ClO; +380} +4H* +3K*+H,0 


2. Concentrated hydrochloric acid All chlorates are decomposed by this acid, 
and chlorine, together with varying quantities of the explosive chlorine dioxide, 
is evolved; chlorine dioxide imparts a yellow colour to the acid. The mixture of 
gases is sometimes known as ‘euchlorine’. The experiment should be conducted 
on a very small scale, and not more than 0:1 g potassium chlorate should be 
used. The following two chemical reactions probably occur simultaneously : 


2KCIO, +4HC! > 2ClO,+CI,f+2K*+2Cl +2H,0 
KCIO, + 6HCI > 3Cl,,+K* +Cl” +3H,0 


3. Sodium nitrite solution Qn warming this reagent with a solution of the 
chlorate, the latter is reduced to a chloride, which may be identified by adding 
silver nitrate solution after acidification with dilute nitric acid. The nitrite must, 
of course, be free from chloride. A solution of sulphurous acid or of formalde- 
hyde (10 per cent; 1 part of formalin to 3 parts of water) acts similarly. Excel- 
lent results are obtained with zinc, aluminium or Devarda’s alloy and sodium 
hydroxide solution (see under Nitrates, Section IV.18, reaction 4); the solution 
is acidified with dilute nitric acid after several minutes boiling* and silver 


nitrate solution added. 


® It is best to filter off the excess metal before adding the silver nitrate solution. 
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ClO; +3NO; — CI- +3NO; 
ClO; +3H,SO; > CI- +3S02- + 6H* 
ClO; +3HCHO > CI- +3HCOOH 
ClO3+3Zn+ 60H” +3H,0 > CI- +3[Zn(OH),}?- 
ClO; +2Al+20H- +3H,0 > CI- +2[Al(OH),]- 


4. Silver nitrate solution: no Precipitate in neutral 
of dilute nitric acid. Upon the addition of a little 


pure (chloride-free) sodium 
nitrite to the dilute nitric acid solution, a white Precipitate of silver chloride is 
obtained because of the reduction 


of the chlorate to chloride (see reaction 3 
above). 


No precipitate is obtained with barium chloride solution. 


solution or in the presence 


5. Potassium iodide solution: iodine is liberated if a mineral acid is present. If 
acetic acid is used, no iodine Separates even on long standing (difference from 
iodate). 


ClO; +61" +6H* > 31, + Cl" +3H,0 


6. Iron(II) sulphate solution: reduction to chloride 
of mineral acid (difference from perchlorate), 


ClO; + 6Fe?*+ +6H+ >» Cl” + 6Fe3+ +3H,0 


upon boiling in the presence 


7. Indigo test A dilute solution of indigo in Concentrated sulphuric acid is 


on until the latter has a pale-blue colour. Dilute 


sulphite solution is then added drop by drop; the 
blue colour disappears. The 


€ chlorate is reduced by the sulphurous acid to 
chlorine or to hypochlorite, and the latter bleaches the indigo. 


8. Aniline sulphate test, (C6 H;.NH,) 2H,SO, A small quantity of the solid 
chlorate (say, 0-05 g) (DANGER) is aixi with 1 ml concentrated sulphuric 
acid, and 2-3 ml aqueous aniline sulphate solution added; a deep-blue colour 
is obtained (distinction from nitrate), 


9. Manganese( II) sulphate-phosphoric acid test: 


centrated phosphoric acid solution reacts with chlorates to form the violet- 
coloured diphosphatomanganate(I11) ion: 


CIO3 +6Mn?* + 12P03- 4 6+ _, 6[Mn(PO,),}?- +C + 3H,0 
Peroxodisulphates, nitrites, bromates, iodates, and also Periodates react simi- 


larly. The first-named may be decomposed b i ic aci 
solution with a little silver nitrate as etal E ES ng the sulphiscic acid 
Place a drop of the test Solution in a micto cruci 
; Li Tucible and add a dro of the 
reagent. Warm rapidly over a micro burner and allow to cool. A vole e 
ation appears. Very pale colo ; 


Ty p urations may be intensified by adding a drop of 
1 per cent alcoholic diphenylcarbazide solution when a en ASENET dus 


to an oxidation product of the diphenylcarbazide, is obtained, 
Sensitivity : 0-05 ug C1O;. Concentration limit: 1 in 1,000,000. 


Manganese(II) sulphate in 
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The reagent is prepared by mixing equal volumes of saturated manganese(II) 
sulphate solution and concentrated phosphoric acid. 


10. Action of heat All chlorates are decomposed by heat into chlorides and 
oxygen. Some perchlorate is usually formed as an intermediate product. The 
chloride is identified in the residue by extracting with water and adding dilute 
nitric acid and silver nitrate solution. An insoluble chlorate should be mixed 


with sodium carbonate before ignition. 


2KCIO, > 2KC1+ 30,1 
2KCIO, > KCIO, +KC1+0,t 


IV.20 BROMATES, BrO}; Solubility Silver, barium, and lead bromates 
are slightly soluble in water, the solubilities being respectively 2-0 g & t, 
7:0 g &! and 13-5 g £~! at 20°; mercury(I) bromate is also sparingly soluble. 
Most of the other metallic bromates are readily soluble in water. 

To study these reactions use a 0: 1M solution of potassium bromate. 


1. Concentrated sulphuric acid Add 2 ml acid to 0:5 g solid bromate; bromine 
and oxygen are evolved in the cold. 


4KBrO, +2H,SO, > 2Br,f +50, +4K* +2802 +2H,O 


2. Silver nitrate solution A white crystalline precipitate of silver bromate, 
AgBrO, , is produced with a concentrated solution of a bromate. The precipitate 
is soluble in hot water, readily soluble in dilute ammonia solution forming a 
complex salt, and sparingly soluble in dilute nitric acid. 
BrO; +Ag* > AgBrO,| 
Precipitates of the corresponding bromates are also produced by the addition 
of solutions of barium chloride, lead acetate or mercury(I) nitrate to a con- 
centrated solution of a bromate. 
2BrO; + Ba?* > Ba(BrO;),| 
2BrO; +Pb?* > Pb(BrO;)2| 
2BrO; + Hg3* > Hg,(BrO;)21 
If the solution of silver bromate in dilute ammonia solution is treated drop- 
wise with sulphurous acid solution, silver bromide separates: the latter dissolves 
in concentrated ammonia solution (difference from iodate). 


3. Sulphur dioxide If the gas is bubbled through a solution of a bromate, the 
latter is reduced to a bromide (see Bromides, Section IV.15). A similar result is 
obtained with hydrogen sulphide and with sodium nitrite solution (see under 


Chlorates, Section IV.19, reaction 3). 
BrO; +3H,S0; > Br +3S03- +6H* 
BrO; +3H,S > Br +3S| +3H,0 
BrO; +3NO7 > Br +3NO; 
4. Hydrobromic acid Mix together solutions of potassium bromate and 
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F AERE ig re Bn doh Pes aai 
b de, and acidify with dilute sulphuric acid; bromine is liberate: l 
Brine ties between the bromic and hydrobromic acids set free. The bromine 
‘may be extracted by adding a little chloroform or carbon tetrachloride. 


BrO; + SBr +6H* > 3Br,t+3H,O 


5. Action of heat Potassium bromate on 
bromide remains. Sodium and calcium brom 
zinc, and other similar metallic bro; 
an oxide. 


2KBrO, > 2KBr+30,} 


heating evolves oxygen and a 
ates behave similarly, but cobalt, 
mates evolve oxygen and bromine, and leave 


If a bromate solution is treated with a little 
of a 1:1 mixture of saturated manganese(II) sulphate solution and M sulphuric 
acid, a transient red colouration (due to manganese(III) ions) is observed. Upon 
concentrating the solution rapidly, brown, hydrated manganese dioxide 
separates. The latter is insoluble in dilute sulphuric acid, but dissolves in a 
mixture of dilute sulphuric and oxalic acids (difference from chlorates and 
iodates, which neither give the colouration nor yield the brown precipitate). 


BrO; + 6Mn?* + 6H* > 6Mn?* +Br- +3H,0 
BrO; +6Mn>+ +9H,0 > 6MnO,|+Br- +18H+ 
_ Mn0,> +(COO)3- +4H* > Mn2+ +2C0,t +2H,0 


IV.21 IODATES, IO; Solubility The iodates of the alkali metals are 
soluble in water: those of the other metals are sparingly soluble and, in general, 
less soluble than the Corresponding chlorates and bromates. Some solubilities 
in gt? at 20° are: lead iodate 0:03 (25°), silver iodate 0:06, barium iodate 0:22, 
calcium iodate 3-7, potassium iodate 81-3, and sodium iodate 90-0. Iodic acid 
18 a crystalline solid, and has a solubility of 2,330 g 7! at 20°. 


To study these reactions use a 0-IM solution of potassium iodate, KIO}. 


i huri action in the absence of reducing agents; 
readily converted to iodide in the pr ë 


105 +6Fe?t +6H* | I- 4 6Fe* +3H,0 
If the iodate is in excess, iodine is formed because of the interaction of iodate 
and iodide (cf. reaction 6): 
10; +5I- +6H+ —» 31,1+3H,0 
2. Silver nitrate solu 


er ni tion: white, curd 
soluble in dilute am 


3 : y precipitate of silver iodate, readily 
monia solution, but sparingly soluble in dilute nitric acid. 
10; + Ag* > Agio,| 


AglO,|+2NH, > LAg(NH,),]* 


If the ammoniacal solution of the precipitate is treated dropwise with sulphurous 
acid solution, silver iodide is Precipitated; the latter is not dissolved by con- 


+10; 
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centrated ammonia solution (difference from bromate). 
[Ag(NH;)2]* +10; +3H,SO, > Agl|+3SO7° +2NHj +4H* 


3. Barium chloride solution: white precipitate of barium iodate (difference from 
chlorate), sparingly soluble in hot water and in dilute nitric acid, but insoluble 
in alcohol (difference from iodide). If the precipitate of barium iodate is well 
washed, treated with a little sulphurous acid solution and 1-2 ml carbon 
tetrachloride, the latter is coloured violet by the liberated iodine, and barium 
sulphate is precipitated: 


210; +Ba** > Ba(IO;)>] 
Ba(IO3)>| +5H,SO, — I, + BaSO,| +4803" +8H* +H,0 


4. Mercury(II) nitrate solution: white precipitate of mercury(I!) iodate (differ- 
ence from chlorate and bromate). Lead acetate solution similarly gives a pre- 
cipitate of lead iodate. Mercury(II) chloride solution, which is practically 
un-ionized (as mercuric chloride is covalent) gives no precipitate. 


210; +Hg?* > Hg(IO3).} 
2105 +Pb?* > Pb(IO5)2! 


5. Sulphur dioxide or hydrogen sulphide Passage of sulphur dioxide or of 
hydrogen sulphide into a solution of an iodate, acidified with dilute hydro- 
chloric acid, liberates iodine, which may be recognized by the addition of starch 
solution or chloroform or carbon tetrachloride. With an excess of either reagent, 
the iodine is further reduced to iodide. 
2103 +5H,SO; > l2 +580; + 8H* +H,O 
I,+H,SO,+H,0 > 21" + SO} +4H* 
210; +5H,S+2H* > 1,+5S! +6H,0 
I, +H,S > 21 +2H* +S} 


6. Potassium iodide solution Mix together solutions of potassium iodide and 
and acidify with hydrochloric acid, acetic acid or with tartaric 


potassium iodate, and acı i r 
acid solution; iodine is immediately liberated (use the chloroform or carbon 


tetrachloride test). 
10; +517 +6H* > 317+ 3H,0 
The alkali iodates decomposed into oxygen and an iodide. 


bivalent metals yield iodine and oxygen and leave a residue 
gives the periodate (more precisely, 


7. Action of heat 
Most iodates of the 
of oxide; barium iodate, exceptionally, 


hexoxoperiodate) p 
2KIO, > 2KI+3021 
2Pb(IO3)2 > 2l2fÎ + 50,f+2PbO 
5Ba(IO3)2 > Ba,(1Og)2 + 4121 +9021 


IV.22 PERCHLORATES, CIO; Solubility The perchlorates are generally 
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i i i Sge! 
st ater. Potassium perchlorate is one of the least soluble (G 
a tt at 0° and 100° respectively), and sodium perchlorate is one of 
the most soluble (2,096 g £~! at 25°). 


To study these reactions use a 2M solution of perchloric acid or solid sodium 
perchlorate, NaClO,. 


1. Concentrated sulphuric acid: no visibl 


le action with the solid salt in cold, on 
strong heating white fumes of perchlori 


c acid monohydrate are produced: 
NaClO,+H,SO,+H,0 > HClO,.H,Of+ HSO; + Na* 
2. Potassium chloride solutio 


(see Section III.36, reaction 
reaction: 


n: white precipitate of KCIO,, insoluble in alcohol 
3). Ammonium chloride solution gives a similar 


ClO; +K*+  KCIO,| 
ClO; +NH} > NH,CIO,| 


3. Barium chloride solution: no Precipitate. A similar result is obtained with 
silver nitrate solution, 


4. Indigo test: no decolourization even in the Presence of acid (difference from 
hypochlorite and chlorate 


5. Sulphur dioxide, hydrogen sulphide, or iron (II) salts: no reduction (difference 
from chlorate), 


6. Titanium(IIT) sulphate solution: in the Presence of sulphuric acid, per- 
_chlorates are reduced to chlorides: 


ClO; +8Ti?t +8H+ > C1- +8Ti+* 


+4H,0 
Chloride ions can be identified in the sol 
IV.14). 


ution with the usual tests (see Section 


7 Tetramminecadmium When a neutral solution of per- 
chlorate is treated with a saturated solution of cadmium sulphate in concen- 
trated ammonia solution, a white crystalline precipitate of tetramminecadmium 
perchlorate is obtained: 


2C10; +[Ca(NH,),}2+ 


= [Cd(NH,),](C10,),] 
Sulphides interfe 


ere by Precipitating cadm 
therefore be absent. 


perchlorate test 


ium as cadmium sulphide, and should 


8. Action of heat: oxygen is evolved from a Solid perch] i sidue 
chloride ions can be tested (see Section IV.14): Pie ee Bie re 


NaClO, > NaCl +20,1 


IV.23 BORATES, BO}- B403., BO; 
boric acids: orthoboric acid, H}BO 


The borates are derived from the three 
acid, HBO,. Orthoboric a 


i, H 3» Pyroboric acid, H,B,0,, and metaboric 
cid is a white, crystalline Solid, sparingly soluble in 
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cold but more soluble in hot water; very few salts of this acid are definitely 
known. On heating orthoboric acid at 100°, it is converted into metaboric acid; 
at 140° pyroboric acid is produced. Most of the salts are derived from the meta- 
and pyro-acids. Owing to the weakness of boric acid, the soluble salts are 
hydrolysed in solution and therefore react alkaline. 

BO3- +3H,0 = H;BO,+30H™ 

B4027 +7H,0 = 4H;BO;+20H™ 

BO; +2H,0 = H;B0O,+OH™ 

Solubility The borates of the alkali metals are readily soluble in water. 
The borates of the other metals are, in general, sparingly soluble in water, but 
fairly soluble in acids and in ammonium chloride solution. 

To study these reactions use a 0'1M solution of sodium te 

pyroborate, borax) Na,B,O,.10H,0. 


traborate (sodium 


1. Concentrated sulphuric acid: no visible action in the cold, although ortho- 
boric acid, HBO}, is set free. On heating, however, white fumes of boric acid 
are evolved. If concentrated hydrochloric acid is added to a concentrated 
solution of borax, boric acid is precipitated: 
Na,B,0, + H,SO,+5H20 > 4H,BO31+2Na* + soz” 
Na,B,O, +2HCI+5H20 > 4H,BO;|+2Na* +2Cl” 


2. Concentrated sulphuric acid and alcohol (flame test) Ifa little borax is mixed 
with 1 ml concentrated sulphuric acid and 5 ml methanol or ethanol (the former 


is to be preferred owing to its greater volatility) in a small porcelain basin, and 
the alcohol ignited, the latter will burn with a green-edged flame, due to the 
\ formation of methyl borate B(OCH,); or of ethyl borate B(OC 2Hs)3. Both 
these esters are poisonous. Copper and barium salts may give a similar green 
flame. The following modification of the test, which depends upon the greater 


volatility of boron trifluoride, BF3. can be used in the presence of copper and 
barium compounds; these do not form volatile compounds under the experi- 
mental conditions given below. Thoroughly mix the borate with powdered 
calcium fluoride and a little concentrated sulphuric acid, and bring a little of 
the paste thus formed on the loop of a platinum wire, or upon the end of a glass 
rod, very close to the edge of the base of a Bunsen flame without actually touch- 
ing it; volatile boron trifluoride is formed and colours the flame green. 


H,BO;+ 3CH,0H > B(OCH;)31+3H20 
Na,B,0,+6CaF2+ 7H,SO,4 > 4BF,{+6CaSO,+ 2Na* + SO377 +7H,0 


3. Turmeric paper test Ifa piece of turmeric paper is dipped into a solution of 
a borate acidified with dilute hydrochloric acid and then dried at 100°, it 
becomes reddish-brown. The drying of the paper is most simply carried out by 
winding it on the outside near the rim of a test-tube containing water, and 
boiling the water for 2-3 minutes. On moistening the paper with dilute sodium 
hydroxide solution, it becomes bluish-black or greenish-black. Chromates, 
chlorates, nitrites, iodides, and other oxidizing agents interfere because of their 


bleaching action on the turmeric. 


te solution: white precipitate of silver metaborate, AgBO,, from 


4, Silver nitra 
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in dilute acids, and in solutions of amm 
strontium chloride behave similarly, 


B402- +2Ba2+ +H,0 > 2Ba(BO,), | +2H* 


6. Action ofheat Powdered borax when heated in an ignition tube, or upon a 
lls 


platinum wire, swe! up considerably, and then subsides, leaving a colourless 
glass of the anhydrous salt. The glass possesses the Property of dissolving many 
oxides on heating, forming metaborates, which ofte: 


n have characteristic colours. 
This is the basis of the borax bead test for vario 


Ts P-Nitrobenzene-azo-chromotropic acid* reagent 


z Sensitivity ; 0-1 ion limit: 1 in 500,000. 


Tai i e, the latter because of the formation of 
izing agents, Including ni 


* Alternative names are: p. 


nitrobenzene-azo-] 2 8-di 
and “Chromotrope 2B” (the lat ih 


> ‘drox: hthalene-3 : 6-disulph. ic acid 
ter is the sodium Salt). A TEE) opts 
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8. Mannitol-bromothymol blue test Boric acid acts as a very weak monobasic 
acid (K,=5-8 x 107 10) but on the addition of certain organic polyhydroxy 
compounds, such as mannitol (mannite), glycerol, dextrose or invert sugar, it is 
transformed into a relatively strong acid, probably of the type: 


| 
—C—OH HO N 
+ B—OH = Peo Gis 


—C—OH HO —c—O 


fore decreases. Hence if the solution is initially 
thymol blue (green), then upon the addition of 
llow. It is advisable when testing for minute 
ize the mannitol from a solution neutralized 
to bromothymol blue, wash with pure acetone and dry at 100°. The reagent 
(a 10 per cent aqueous solution of mannitol) may also be neutralized with 


0-01M potassium hydroxide solution, using bromothymol blue (a 0:04 per cent 
solution in 96 per cent ethanol) as indicator. Only periodate interferes with the 


test: it can be decomposed by heating on charcoal. 

Render the test solution almost neutral to bromothymol blue by treating it 
with dilute acid or alkali (as necessary) until the indicator turns green. Place a 
few drops of the test solution in a micro test-tube, and add a few drops of the 
reagent solution. A yellow colouration is obtained in the presence of a borate. 
It is advisable to carry out a blank test with distilled water simultaneously. 

Sensitivity: 0-001 ug B. Concentration limit: 1 in 30,000,000. 


IV.24 SULPHATES, SO3-_ Solubility The sulphates of barium, strontium, 
and lead are practically insoluble in water’ those of calcium and mercury(I) 
are slightly soluble, and most of the remaining metallic sulphates are soluble. 
Some basic sulphates such as those of mercury, bismuth, and chromium, are 
also insoluble in water, but these dissolve in dilute hydrochloric or nitric acid. 

Sulphuric acid is a colourless, oily, and hygroscopic liquid, of specific gravity 
1-838. The pure, commercial, concentrated acid is a constant boiling point 
mixture, boiling point 338° and containing c. 98 per cent of acid. It is miscible 
with water in all proportions with the evolution of considerable heat; on mixing 
the two, the acid should always be poured in a thin stream into the water (if the 
water is poured into the heavier acid, steam may be suddenly generated which 
will carry with it some of the acid and may therefore cause considerable damage). 

To study these reactions use a 0-1M solution of sodium sulphate, 


Na,SO,.10H20. 


The pH of the solution there 
almost neutral to, say, bromo 
mannitol the colour becomes ye! 

uantities of borates to recrystall; 


ium chloride solution: white precipitate of barium sulphate, BaSO, (see 
a sibling n II.31), insoluble in warm dilute hydrochloric acid and 


under Barium, Sectio: 


* Of these three sulphates, that of strontium is the most soluble. 
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in dilute nitric acid, but moderately soluble in boiling, concentrated hydro- 
in > 
chloric acid. 


S04- + Ba?* > BaSO,| 


sulphites, and phosphates are not 
ntrated hydrochloric acid or con- 
precipitate of barium chloride or of 
Owever, upon dilution with water. 
red from the hot solution and fused 
odium sulphide will be formed. The 
xtract filtered into a freshly prepared 
when a transient, purple colouration is 
on IV.6, reaction 6). An alternative method 
hydrochloric acid to the fused mass, and to 
aper; a black stain of Jead auiphice s pio 

. The so-called Hepar reaction, which is less sensi ive 
ieee ee eene the fusion product on a silver coin and 
e water; a brownish-black stain of silver sulphide results. 
BaSO, +4C+ Na,CO, > Na,S+ BaCO,+4COt 

Na,S > 2Na* +52- 
2S?- +4Ag+0,+2H,0 > 2Ag,S| +40H- 


A more efficient method for-d 
heat them with sodi 


IV.6, reactions 6 and 7). f 
The reader is warned that the above tests (depending upon the formation of a 
sulphide) are not exclusive to sulphates but are pi 


2. Lead acetate solution: white precipitate of lead sulphate, PbSO,, soluble in 
hot concentrated sulphuric acid, in solution 

i e under Lead, Section 
n. In the last case sodiu; 


3. Silver nitrate solut 


jer lu ion: white, crystalline precipitate of silver sulphate, Ag,SO, 
(solubility 5-8 g 0-1 at 18°), from Concentrated solutions. 


S02- +2Ag* > Ag,SO,| 
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4. Sodium rhodizonate test Barium salts yield a reddish-brown precipitate 
with sodium rhodizonate (see under Barium, Section III.31, reaction 7). 
Sulphates and sulphuric acid cause immediate decolourization because of the 
formation of insoluble barium sulphate. This test is specific for sulphates. 

Place a drop of barium chloride solution upon filter or drop-reaction paper, 
followed by a drop of a freshly prepared 0:5 per cent aqueous solution of sodium 
thodizonate. Treat the reddish-brown spot with a drop of the acid or alkaline 
test solution. The-coloured spot disappears. 

Sensitivity: 4 pg $O2-. Concentration limit: 1 in 10,000. 


5. Potassium permanganate—barium sulphate test If barium sulphate is pre- 
cipitated in a solution containing potassium permanganate, it is coloured pink 
(violet) by adsorption of some of the permanganate. The permanganate which 
has been adsorbed on the precipitate cannot be reduced by the common re- 
ducing agents (including hydrogen peroxide); the excess of potassium per- 
manganate in the mother liquor reacts readily with reducing agents, thus 
rendering the pink barium sulphate clearly visible in the colourless solution. 
Place 3 drops test solution in a semimicro centrifuge tube, add 2 drops 0-02M 
potassium permanganate solution and 1 drop barium chloride solution. A pink 
precipitate is obtained. Add a few drops 3 per cent hydrogen peroxide solution 
or 0:5M oxalic acid solution (in the latter case it will be necessary to warm ona 
water bath until decolourization is complete). Centrifuge. The coloured pre- 
cipitate is clearly visible. 
Sensitivity: 2°5 pg SO2-. Concentration limit: 1 in 20,000. 


6. Mercury(II) nitrate solution: yellow precipitate of basic mercury(I) 


sulphate: 
S02- + 3Hg?* +2H,0 > HgSO,.2HgO} +4H* 


This is a sensitive test, given even by suspensions of barium or lead sulphates. 


IV.25 PEROXODISULPHATES. S,03> Solubility The best known per- 
oxodisulphates, those of sodium, potassium, ammonium, and barium are 
soluble in water, the potassium salt being the least soluble, (17: g & * at 0°C). 

To study these reactions use a freshly prepared 0-IM solution of ammonium 


peroxodisulphate (NH4)2S20s- 


1. Water All peroxodisulphates are decomposed on boiling with water into 
the sulphate, free sulphuric acid, and oxygen. The oxygen contains appreciable 


quantities of ozone, which may be detected by its odour or by its property of 
turning starch is obtained with dilute 


-iodide paper blue. A similar result i ainei 
i itric acid. With dilute hydrochloric acid, chlorine 1s evolved (see 
i below). By dissolving the solid peroxodisulphate in concentrated 
sulphuric acid at 0°, peroxomonosulphuric acid (Caro’s acid), H,SO,, is 
fered in solution; this possesses strong oxidizing properties. 
25,047 +2H.0 > 4803- +4H+* + O21 
25,027 +3H,0 > 4s02- + 6H* +031 
0,1+21 +2H* > 1,+0.1+H29 
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by dilute ammonia solution, the silver peroxide, or the silver ion, acts catalyti- 
cally leading to the evolution of nitrogen and the liberation of considerable heat. 


S20% +2Ag* +2H,0 Ag,0,| +2503- + 4H+ 


35:03- +8NH, E., N,14+6502- +6NH? 


3. Barium chloride solution: no immediate preci 
of a pure peroxodisulphate: on standing for so; 


tate of barium sulphate is obtained, due to th 
disulphate, 


pitate in the cold with a solution 
me time or on boiling, a precipi- 
e decomposition of the peroxo- 


4. Potassium iodide Solution: iodine is slowly liberated in the cold and rapidly 
on warming (test with starch solution) (distinction from perborate and per- 
carbonate, which liberate iod 


ine immediately), Traces of Copper catalyse the 
reaction. 


S208- +217 > I,+2502- 


preferably 


precipitate is manganese(IV) dioxide hydrate with a 
-H,0. 


composition nearest to MnO, 


20 = 2MnO; + 10502- + 16H+ 
Silver ions act as catalysts (cf. Section III.28, reaction 6). 

6. Potassium 
peroxide). Pi 
sulphate. 


permanganate solution: unaffected 


(distinction from hydrogen 
eroxodisulphates are also unaffected 


by a solution of titanium(IV) 


IV.26 SILICATES, SiO3- The silicic acids may be represented by the 
(SiO, a ormula xSiO, 5 yH,0. Salts corresponding to orthosilicic acid, H,SiO,, 
ne a HO T ag H,SiO, (SiO,.H,0), and disilicic acid H,Si,0, 
2-H) nite i, ili i i 
simply as slak y known. The metasilicates are sometimes designated 


Solubility Only the silicates of the alkali i 
; al ; 
they are hydrolysed in Aqueous solution and th ae OP era 


erefore react alkaline. 


To study these reactio 


7 solution of sodium sili Na SiO 
Commercial (30%) w. ter- : a Silicate, Na SiO}. 
amount of wae aler-glass solutions should be diluted with a five-fold 


ns use a M 


1. Dilute hydrochloric acid Add dilute hydrochloric aci i 
silicate; a gelatinous precipitate of meta atothe solution of the 


silicic acid is obtained, particularly on 
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boiling. The precipitate is insoluble in concentrated acids. The freshly precipi- 
tated substance is appreciably soluble in water and in dilute acids. It is con- 
verted by repeated evaporation with concentrated hydrochloric acid on the 
water bath into a white insoluble powder (silica, SiO,). 

If a dilute solution (say, 1-10 per cent) of water glass is quickly added to 
moderately concentrated hydrochloric acid, no precipitation of silicic acid 
takes place; it remains in colloidal solution (sol). 


Si03- +2H* > H,SiO,| 


2. Ammonium chloride or ammonium carbonate solution: gelatinous precipitate 
of silicic acid. This reaction is important in routine qualitative analysis since 
silicates, unless previously removed, will be precipitated by ammonium chloride 
solution in Group IIIA. 


SiO?- +2NHi > H,SiO,|+2NH, 


3. Silver nitrate solution: yellow precipitate of silver silicate, soluble in dilute 
acids and in ammonia solution: 


Si02- +2Ag* > Ag,SiO,| 


4. Barium chloride solution: white precipitate of barium silicate, soluble in 
dilute nitric acid. 


SiO} +Ba?* — BaSiO,| 
Calcium chloride solution gives a similar precipitate of calcium silicate. 


5. Microcosmic salt bead test Most silicates, and also silica, when fused in a 
bead of microcosmic salt, Na(NH,)HPO,.4H,0, in a loop of platinum wire 
give this test. The microcosmic salt first fuses to a transparent bead consisting 
largely of sodium metaphosphate (see Section II.2, 6); when a minute quantity 
of the solid silicate or even of the solution is introduced into the bead (best 
by dipping the hot bead into the substance) and the whole again heated, 
the silica produced will not dissolve in the bead, but will swim about in the 
fused mass, and is visible as white opaque masses or ‘skeletons’ in both the 
fused and the cold bead. 


CaSiO,+NaPO, > CaNaPO,+SiO, 


Insoluble silicates are best brought into solution by fusing the powdered 
solid, mixed with six times its weight of fusion mixture, in a platinum crucible 
or upon platinum foil; the alkali carbonates react with the silicate yielding an 
alkali silicate. The cold mass is then evaporated to dryness on the water bath 
with excess dilute hydrochloric acid; the alkali silicate is thereby decomposed 
yielding first gelatinous silicic acid and, ultimately, white, amorphous silica, 
whilst the metallic oxides derived from the insoluble silicate are converted into 
chlorides. The residue is extracted with boiling dilute hydrochloric acid; this 
removes the metals as chlorides and insoluble silica remains behind. A simpler, 
but not quantitative, method is to extract the fusion mixture melt with boiling 
water: sufficient sodium or potassium silicate passes into solution to give any 
of the reactions referred to above. 


SiO, +Na,CO, + CO,}+Na,SiO, 
SiO2- +2H* > SiO,|+H,0 
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6. Silicon tetrafluoride test This test depends upon the fact that when silica 
(isolated from a silicate by treatment with ammonium chloride solution or with 
hydrochloric acid, etc.) is heated with less than an equivalent amount of calcium 
fluoride and some concentrated sulphuric acid, silicon tetrafluoride is evolved. 
The latter is identified by its action upon a drop of water held in a loop of 
platinum wire, when a turbidity (due to silica) is produced. 


SiO, +2CaF, +2H,SO, > 2CaSO, + SiF,} +2H,0: 
3SiF,1 +2H,0 > SiO,| +2[SiF,]?- +4H* 


Excess of calcium fluoride should be avoided since a mixture of H,F, and SiF, 
will be formed and interfere with the test. 

Mix the solid substance (or, preferabl 
the silicate with ammonium chloride s 


The silicate is separated by 
er collected in a little sodium 


tration limit: 1 in 10,000. 
The reaction may be applied t. 


o aque i ili 
and arsenates must be absent. Per o ations of silicates, but p hosphates 


i e OOE) luble in water. A solution 
of the acid (hydrofluorosilicic d ouble), are so o 
of water upon silicon tetrafluoride AES D P forma dhe products of the action 
hydrofluoric acid, 
SiO, +6HF > H,[SiF,]+ 2H,0 
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To study these reactions use a freshly prepared 0-1M solution of sodium 
hexafluorosilicate. 


1. Concentrated sulphuric acid: silicon tetrafluoride and hydrogen fluoride are 
evolved on warming the reagent with the solid salt. If the reaction is carried out 
in a platinum or lead capsule or crucible, the escaping gas will etch glass and 
will cause a drop of water to become turbid (see under Silicates, Section IV.26, 
reaction 6). 


Na,[SiF,]+H SO, > SiF,}+H,F,} +2Na* +SO37 


2. Barium chloride solution: white, crystalline precipitate of barium hexa- 
fluorosilicate, Ba[SiF,], sparingly soluble in water (0:25 g€~' at 25°) and 
insoluble in dilute hydrochloric acid. The precipitate is distinguished from 
barium sulphate by the evolution of hydrogen fluoride and silicon fluoride, 
which etch glass, on heating with concentrated sulphuric acid in a lead crucible. 


SiF,]?~ + Ba2* > Ba[SiF,]| 
6 


3. Potassium chloride solution: white, gelatinous precipitate of potassium 
hexafluorosilicate, K [SiF6], from concentrated soiutions. The precipitate is 
slightly soluble in water (1:77 g @~' at 25°), less soluble in excess of the reagent 
and in 50 per cent alcohol. 


[SIF] +2K* >. K,[SiF.]] 


4. Ammonia solution: decomposition occurs with the separation of gelatinous 
silicic acid. 


SiF,]?- +4NH,+3H,0 > H,SiO,| +6F- +4NHi 
6 


5. Action of heat: decomposition occurs into silicon tetrafluoride, which 
renders a drop of water turbid, and the metallic fluoride, which can be tested 
for in the usual manner (see under Fluorides, Section IV.17). 


Na,[SiF,] > SiF.?+2Na* +2F7 


IV.28 ORTHOPHOSPHATES, PO- Three phosphoric acids are known: 
orthophosphoric, H,PO,; pyrophosphoric, H,P,0,; and metaphosphoric 
acid, HPO,. Salts of the three acids exist: the orthophosphates are the most 
stable and the most important;* solutions of pyro- and metaphosphates pass 
into orthophosphates slowly at room temperature, and more rapidly on 
boiling. Metaphosphates, unless prepared by special methods, are usually 
polymeric, i.e. are derived from (HPO, ),,. 

Orthophosphoric acid is a tribasic acid giving rise to three series of salts: 
primary orthophosphates, e.g. NaH,PO,; secondary orthophosphates, e.g. 
Na,HPO,; and tertiary orthophosphates, e.g. Na,PO,. If a solution of ortho- 
phosphoric acid is neutralized with sodium hydroxide solution using methyl 
orange as indicator, the neutral point is reached when the acid is converted into 


* They are often referred to simply as phosphates. 
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i ; with 3 moles of alkali, 

hen the secondary phosphate is formed; wit ) 
ae ae normal phosphate is formed. NaH,PO, is neutral to methyl 
eee 4 is neutral to phenolphthalein 
aline to most indicators because 
odium phosphate’ is disodium hydrogen 


1. Silver nitrate solution : yellow precipitate of normal silver orthophosphate, 
Ag;PO, (distinction from meta- and 


Pyrophosphate), soluble in dilute ammonia 
solution and in dilute Nitric acid. 


HPO% +3Ag* > Ag,PO,| +Ht 
AgsPO,|+2H* + H,PO; +3Ag* 
Ag,PO,]+6NH, > 3[Ag(NH,),]* + PO3- 


2. Barium chloride solution: white, amorphous Precipitate of secondary barium 
phosphate, BaHPO,, from neutral solutions, soluble in dilute mineral acids 


and in acetic acid. In the presence of dilute ammonia solution, the less soluble 
tertiary Phosphate, Ba,(PO,),, is precipitated. 


HPO?” +Ba**  BaHPO,| 
HPO; +3Ba?* 4 2NH, + Ba;(PO,),| +2NHt 


3. Magnesium nitrate reagent or magnesia mixture The former is a solution 
containing Mg(NO,),, NH,NO,, and a little aqueous NH,, and the latter is a 
solution containing MgCl,,NH,Cl, and a little aqueous NH,. The magnesium 
nitrate reagent is generally preferre, 


e reas i ) d since it may be employed in any subsequent 
test with silver nitrate solution. With either reagent a whit 


e, Crystalline precipi- 
ammonium phosphate, Mg(NH,)PO, .6 i 


eaction 3), 
HPOŁ +Ms* +NH + MeNH,PO, | 
Arsenates give a similar Precipitate Mg(NH,)Aso .6H,O with e; 
reagent. They are most simply distinguished from ¢ Othe bee either 


y st si d e one another by treating the 
washed precipitate with silver nitrate solution containing a few drops of dilute 
acetic acid : the phosphate turns yellow (Ag3PO,) whilst the atsenate assumes a 
brownish-red colour (Ag,AsO,), 


4. Ammonium molybdate reagent The addition of a large excess (2-3 ml) of 
this reagent to a small volume (0-5 ml) of a Phosphate Solution Produces a 
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yellow, crystalline precipitate of ammonium phosphomolybdate, to which’ the 
formula (NH,)3;PO,.12MoO, was formerly assigned. The correct formula is 
(NH,)3[PMo,2040] or (NH4)3[P(Mo30;0)4], the Mo30, group replacing 
each oxygen atom in phosphate. The resulting solution should be strongly acid 
with nitric acid; the latter is usually present in the reagent and addition is there- 
fore unnecessary. Precipitation is accelerated by warming to a temperature not 
exceeding 40°, and by the addition of ammonium nitrate solution. 

The precipitate is soluble in ammonia solution and in solutions of caustic 
alkalis. Large quantities of hydrochloric acid interfere with the test and should 
preferably be removed by evaporation to a small volume with excess concen- 
trated nitric acid. Reducing agents, such as sulphides, sulphites, hexacyano- 
ferrate(II)s, and tartrates, seriously affect the reaction, and should be destroyed 
before carrying out the test. 

Arsenates give a similar reaction on boiling (see under Arsenic, Section 
TII,13, reaction 4). Both ammonium phosphomolybdate and ammonium 
arsenomolybdate dissolve on boiling with ammonium acetate solution, but only 
the latter yields a white precipitate on cooling. 


HPO? + 3NH} + 12Mo03- +23H* — (NH,)3[P(Mo,0;0)4]| + 12H,O 


Note: Commercial ammonium molybdate has the formula (NH4),.Mo,0,4. 
4H,O (a paramolybdate) and not (NH,),MoO,; but the ion MoO3” is em- 
ployed in the equations for purposes of simplicity. These ions may exist under 
the experimental conditions of the reaction. 


5. Iron(II1) chloride solution: yellowish-white precipitate of iron(II) phos- 
phate, FePO,, soluble in dilute mineral acids, but insoluble in dilute acetic acid, 


HPOZ- +Fe?t — FePO,|+H* 


Precipitation is incomplete owing to the free mineral acid produced. If the 
hydrogen ions, arising from the complete ionization of the mineral acid, are 
removed by the addition of the salt ofa weak acid, such as ammonium or sodium 
acetate, precipitation is almost complete. This is the basis of one of the methods 
for the removal of phosphates, which interfere with the precipitation of Group 
IITA metals, in qualitative analysis. 


6. Zirconium nitrate reagent When the reagent is added to a solution of a 
phosphate containing hydrochloric acid not exceeding M in concentration, a 
white gelatinous precipitate of zirconyl phosphate ZrO(HPO,) is obtained. 
This reaction forms the basis of a simple method for the removal of phosphate 
prior to the precipitation of Group IITA. 


HPO2- +ZrO?* > ZrO(HPO,)| 


In fact the precipitate is of variable composition, depending on the concen- 
trations of zirconium, phosphate, and hydrogen ions. Species like ZrO(H,PO,), 
and ZrPO, may also be formed. 


7 Cobalt nitrate test Phosphates when heated on charcoal and then moistened 
With a few drops of cobalt nitrate solution, give a blue mass of the phosphate, 
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i ith 
NaCoPO,. This must not be confused with the blue mass produced wi 
asain compounds (see Section III.23). 


Na(NH,) HPO, > NaPO, + NH,1+H,0; 
NaPO;+Co0O > NaCoPO, 


quinine sulphate reagent Phosphates give a yellow 
nt: the exact composition appears to be unknown. 4 
etc.) interfere since they yiel 

ive a red colouration. Arsenates 


mates, oxalates, tartrates, and 
eaction with some variation ; 


The reagent is Prepared by dissolving 40g finely powdered ammonium 
molybdate, (NH,).Mo,0,,.4H,0 in 20 


ml water and adding, with stirring, a 
quinine sulphate in 80 ml concentrated nitric acid. 


METAPHOSPHATES, PO; 
te is prepared by heating disodium hydrogen phosphate: 


Table IV.1 Reactions of ortho-, pyro- and metaphosphates 


Reagent Orthophosphate Pyrophosphate Metaphosphate 
1. Silver nitrate Yellow ppt., soluble in White ppt., soluble in White ppt, (separates 
solution, dilute HNO, and in dilute HNO, and in slowly), soluble in| 
dilute NH; solution. dilute NH, solution: dilute HNO,, in dilute 
Sparingly soluble in NH; solution and in 
y y dilute acetic acid. dilute acetic acid. 
2. Albumin and No Coagulation, No Coagulation, Coagulation. 
dilute acetic 
acid, 
3. Copper Pale blue ppt. Very pa 
sieht ery pale blue ppt. No ppt. 
solution. 
4. Magnesia White ppt., insoluble White ppt.. soluble in No ppt., even on 
mixture or in excess of the reagent, excess of reagent, but boiling. 
Mg(NO,), feprecipitated on 
Teagent. boiling. 
5. Cadmium No ppt. White ppt 
acetate Pin nopi 
solution and 
dilute acetic 
acid. 
6. Zinc sulphate White ppt., soluble in White i i 
É y 2 Soh Ppt., insoluble White ppt., on $ 
solution, dilute acetic aciq, in dilute acetic acid; warming; soluble in 
Soluble in dilute NH, dilute acetic acid. 
Solution, yielding a 
white ppt. on boiling, 
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This is the normal salt. Acid salts, e.g. Na.H,P,0,, are known. 
Sodium metaphosphate (polymeric) may be prepared by heating microcosmic 
salt or sodium dihydrogen phosphate: 
Na(NH,)HPO, > NaPO,+NH31+H,OT 
NaH,PO, > NaPO,+H,Of 
A number of metaphosphates are known and these may be regarded as derived 
from the polymeric acid, (HPO3),, i.e. polymetaphosphoric acid. Calgon, used 
for water softening, is probably (NaPO,), or Naz[Na4(PO3)¢]. 

Pyro- and metaphosphates give the ammonium molybdate test on warming 
for some time; this is doubtless due to their initial conversion in solution into 
orthophosphates. The chief differences between ortho-, pyro- and meta- 
phosphates are incorporated in Table IV.1. To study these reactions use 
freshly prepared solutions of sodium pyrophosphate and sodium 
metaphosphate. 


IV.30 PHOSPHITES, HPO} Solubility The phosphites of the alkali 
metals are soluble in water; all other metallic phosphites are insoluble in water. 
To study these reactions use a freshly prepared 0-1M solution of sodium 


phosphite Na,HPO,.5H,0. 


1. Silver nitrate solution: white precipitate of silver phosphite, Ag, HPO;, 
which soon passes in the cold into black metallic silver. Warming is necessary 
with dilute solutions. Upon adding the reagent to a warm solution of a phos- 
phite, a black precipitate of metallic silver is obtained immediately. 
HPO} +2Ag* > Ag,HPO,| 
Ag,HPO,+H,0 > 2Ag| +H PO, 

HPO?” +2Ag* +H,0O > 2Ag|+H PO, 
2. Barium chloride solution: white precipitate of barium phosphite, BaHPO,, 
soluble in dilute acids. 

HPO3~ + Ba?* > BaHPO,| 


3. Mercury(II) chloride solution: white precipitate of calomel in the cold; on 
warming with excess of the phosphite solution, grey, metallic mercury is 


produced. 
HPO3- +2HgCl, +H,0 > Hg,Cl,| + H,PO, +2C17 
Hg,Cl, | +HPO2- +H,O > 2Hg| +H,PO,+2CI- 


Note that HgCl, and H;PO, are practically undissociated. 


4. Potassium permanganate solution: no action in the cold with a solution 
acidified with acetic acid, but decolourized on warming. 


5. Concentrated sulphuric acid: no reaction in the cold with the solid salt, but 
on warming sulphur dioxide is evolved. 


Na, HPO, +H,S0, > SO,f+2Na* +HPO2- +H,O 
H,PO,;+H,SO, > SO,t+H3,PO,+H,O0 
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ti} 
i ic aci i d by the nascen 

i d dilute sulphuric acid Phosphites „are reduce d by i 
corns i phosphine, PH, which may be identified as described in we ko, 
test under Arsenic (Section II.14); the silver nitrate paper is stained first y 


and then black. 
HPO$” +3Zn+8H* > PH,f+3Zn?* +3H,0 

PH31+6Ag* +3NO; > Ag;P.3AgNO,| (yellow) +3H* h 

AgP.3AgNO,] +3H,0 > 6Ag] (black) +H, PO, +3H* + 3NO3 


i mere hospnite, 
7. Copper sulphate solution: light-blue Precipitate of copper phos 
CuHPO,. the precipitate merely dissolves when it is boiled with acetic aci | 
(cf. Hypophosphites, Section IV.31). 


HPO}" + Cu?*  CuHPO,| 


8. Lead acetate solution: white precipitate, insoluble in acetic acid. 
HPO- +Pb2+ -, PbHPO,| 


; f 
9. Action of heat: inflammable phosphine is evolved, and a mixture 0 
phosphates is produced. 


8Na, HPO, —> 2PH} +4Na,PO, +Na,P,0,+H,0 


IV.31 HYPOPHOSPHITES, H,PO; 
soluble in water. 


2 jum 
To study these Teactions use a freshly Prepared 0-1Mm solution of sodiu 
hypophosphite NaH,PO,.H,0. 


A e 
Solubility All hypophosphites a" 


: Oz 
1. Silver nitrate solution: white precipitate of silver hypophosphite, AgH P02) 
which is slowly reduced 


5 of) 
to silver at room temperature, but more rapidly | 
warming, hydrogen being simultaneously evolved. 


HPO; +Agt + AgH,PO,| 
2AgH,PO,|+4H,0 > 2Ag|+2H,PO,+3H,f 


2. Barium chloride solution: no precipitate. 


jd. 
Sh Mercury (11) chloride Solution: white precipitate of calomel in the CO 
Converted by warming into grey, metallic mercury, 


H,PO; +4HeCl, 42H 


20 > 2Hg,Cl,|+H,PO, +3H* +4C17 
HPO; +2Hg,Cl,| +2H 


20 > 4Hgl +H PO, +3H* +4C17 


4. Copper sulphate solution: n 


copper(I) hydride is precipita 
3H,PO3 +4Cu2+ +6H 


When heated with conce 
poses to white copper(I) ch] 


Wy Bey ike 
© precipitate in the cold, but on warming 
ted. 


20 > 4CuH|+3H,PO,+5H* m | 
ntrated hydrochloric acid, the precipitate dec 

oride precipitate and hydrogen gas. 
CuH| +HCI > CuCl! +H, 
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5. Potassium permanganate solution: reduced to colourless immediately in the 
cold. 


5H,PO; +4MnO; +17H* > 5H,;PO,+4Mn?* +6H,O 
6. Concentrated sulphuric acid: reduced to sulphur dioxide by the solid salt on 
warming. 

NaH,PO,+4H,SO, > 2SO,1+H3PO,+3H* + Na* +2SO7- +2H,O 


Some elementary sulphur may also be formed during the process. 


7. Concentrated sodium hydroxide solution: hydrogen gas is evolved and 
phosphate ions formed on warming. 


HPO; +20H~ > 2H, +PO3- 


8. Zinc and dilute sulphuric acid: inflammable phosphine is evolved (see under 
Phosphites, Section IV.30, reaction 6). 


9. Ammonium molybdate solution: reduced to ‘molybdenum blue’ in solution 
acidified with dilute sulphuric acid (difference from phosphite). 


10. Action of heat: phosphine is evolved, and a pyrophosphate is produced. 
4NaH,PO, > Na,P,0,+2PH;1+H,O 


IV.32  ARSENITES, AsO3~, AND ARSENATES, AsO}~ See under Arsenic, 
Section III.12 and III.13. 


IV.33 CHROMATES, CrO3-, AND DICHROMATES, Cr,02- The metallic 
chromates are usually coloured solids, yielding yellow solutions when soluble 
in water. In the presence of dilute mineral acids, i.e. of hydrogen ions, chromates 
are converted into dichromates; the latter yield orange-red aqueous solutions. 
The change is reversed by alkalis, i.e. by hydroxyl ions. 
2CrO2” +2H* 2 Cr,0?> +H,0 

or 

Cr,03- +20H~ æ 2CrO{7> +H,0 

The reactions may also be expressed as: 
2CrO32- +2H* 2 2HCrO; = Cr,03> +H,0 


Solubility The chromates of the alkali metals and of calcium and 
magnesium are soluble in water; strontium chromate is sparingly soluble. Most 
other metallic chromates are insoluble in water. Sodium, potassium, and 
ammonium dichromates are soluble in water. 


To study these reactions use a 0: 1M solution of potassium chromate, K CrO 
or potassium dichromate, K,Cr,0,. A a 


1, Barium chloride solution: pale-yellow preci 
BaCrO,, insoluble in water and in acetic acid, but 


CrO3- + Ba?* > BaCrO,| 


pitate of barium chromate, 
soluble in dilute mineral acids. 
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Dichromate ions produce the same precipitate, but as a strong acid is formed, 
precipitation is only partial: 


Cr,03" +2Ba?*+H,0 2 2BaCrO,| +2H* 


If sodium hydroxide or sodium acetate is added, precipitation becomes 
quantitative. 


2. Silver nitrate solution: brownish-red precipitate of silver chromate, Ag,CrO,, 
with a solution of a chromate. The Precipitate is soluble in dilute nitric acid and 


in ammonia solution, but is insoluble in acetic acid. Hydrochloric acid converts 
the precipitate into silver chloride (white). 


CrO} +2Ag* > Ag,CrO,| 
2Ag,Cr041+2H* > 4Ag* +Cr,02- +H,0 
Ag,CrO,|+4NH; = 2[Ag(NH,),]* + CrO2- 

Ag,CrO,|+2Cl- > 2AgCI| + Croz- 


A reddish-brown precipitate of silver dichromate, Ag,Cr,0,, is formed with 
a concentrated solution of a dichromate; t 


his passes, on boiling with water, 
into the less soluble silver chromate. 
Cr,077 +2Ag* > Ag,Cr,0,| 
Ag.Cr,07- +H,0 > Ag,CrO,| + CrO3- +2H+ 


3. Lead acetate so 


lution: yellow prec 
soluble in acetic aci 


d, but soluble in dil 
CrOs" +Pb?* > Prcro, | 
2PbCrO,|+2H* = 2Ph2+ 4 Cr,05- +H,0 


ipitate of lead chromate, PbCrO,, in- 
ute nitric acid, 


solution; acetic acid reprecipi- 


ydroxide solution is d 
Toxoplumbate(II) ion, whi 
nt that the solubility 


ue to the formation of the 
ch suppresses the Pb2* ion 


4. Hydrogen Peroxide If an acid solution of a chromate is treated with 
hydrogen peroxide, a deep-blue soluti i i 
(cf. Chromium, Section IIT.24, reacti 


diethyl! ether by 
sodium sulphite. 
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The blue colouration is attributed to the presence of chromium pentoxide, 
CrO;: 


CrO2- +2H* +2H,0, > CrO; +3H,O 


The enhanced stability in solutions of amyl alcohol, ether, etc., is due to the 
formation of complexes with these oxygen-containing compounds. 

Just acidify a cold solution of a chromate with dilute sulphuric acid or dilute 
nitric acid, add 1-2 ml amyl alcohol, then 1 ml of 10-volume (3 per cent) 
hydrogen peroxide solution dropwise and with shaking after each addition: the 
organic layer is coloured blue. The chromium pentoxide is more stable below 
0°C than at laboratory temperature. 


5. Hydrogen sulphide An acid solution of a chromate is reduced by this 
reagent to a green solution of chromium(III) ions, accompanied by the 
separation of sulphur* 


2CrOZ7 +3H,S+10H* > 2Cr3* +3S|+8H,O0 
6. Reduction of chromates and dichromates (a) Sulphur dioxide, in the 
presence of dilute mineral acid, reduces chromates or dichromates: 

2CrO} + 3SO,+4H* — 2Cr3* +3S02> +2H,O 


The solution becomes green owing to the formation of chromium(III) ions. 

(b) Potassium iodide, in the presence of dilute mineral acid, can be used 
as a reductant. The colour of the solution becomes brown or bluish, according 
to the amounts of iodine and chromium(III) ions, which are formed in the 
reaction: 

2CrOZ- +617 +16H* > 2Cr3* +31,4+8H,O 

(c) Iron(II) sulphate, in the presence of mineral acid, reduces chromates or 
dichromates smoothly: 

CrO}- +3Fe?* +8H* > Cr3* +3Fe** +4H,O 


(d) Ethanol, again in the presence of mineral acid, reduces chromates or 
dichromates slowly in cold, but rapidly if the solution is heated: 


2CrOZ” +3C,H;0H+ 10H* > 2Cr3* + 3CH,CHOT +8H,O 
The smell of acetaldehyde (CH;CHO) is easily observed if the mixture is heated. 
7. Reduction of solid chromates or dichromates with concentrated hydrochloric 


acid On heating a solid chromate or dichromate with concentrated hydro- 


chloric acid, chlorine is evolved, and a solution containing chromium(III) ions 
is produced: 


2K,CrO, + 16HCI > 2Cr3* + 3Cl,t +4K* + 10CI- +8H,O 
K,Cr,0,+ 14HC! > 2Cr?* + 3Cl,t +2K* +8Cl- +7H,O 


* In qualitative analysis the production of sulphur in the reduction of chromates may be trouble- 
some, because the precipitate is almost colloidal and can hardly be filtered. On adding a few strips 
of filter paper to the mixture and boiling, the precipitate coagulates and can be filtered easily 
Alternatively, before the use of hydrogen sulphide, chromates can be reduced by heating the solid 
substance with concentrated hydrochloric acid, evaporating most of the acid and then diluting with 
water. (See reaction 7). 5 
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z fte 
If the solution is evaporated almost to dryness (to remove Morino 
dilution chromium(III) ions can be tested for in the solution (cf. Sec 


à det 
8. Concentrated sulphuric acid and a chloride See chromyl chloride test un 
Chlorides, Section IV.14, reaction 5. 


i 
9. Diphenylcarbazide reagent The solution is acidified with dilute sulphvti 
acid or with dilute acetic acid, and 1-2 ml of the reagent added. A deepak 
colouration is produced. With smali quantities of chromates, the solut! 
coloured violet. 
Full details of the use of the rea: 


4 ju 
gent as a spot test are given under Chrom! 
Section III.24, reaction 6c. 


ight 

- igh 

10. Chromotropic acid test A red colouration, best seen by transmitted ] r 
is given by chromates. For details, see under Chromium, Section 

reaction 6d. 


f 
a 
IV.34 PERMANGANATES, MnO; Solubility All permanganates 
soluble in water, forming purple (reddis 


h-violet) solutions. 
To study these reactions use a 0:02m 


: f att 
Solution of potassium permanga? 
KMn0O,. 


iu! 
1. Hydrogen peroxide The addition of this reagent to a solution of pola 
permanganate, acidified with dilute sulphuric acid, results in decolour! 
and the evolution of pure but moist oxygen. 


2MnO, +5H,0,+6H* > 50, +2Mn?* +8H,0 


y 
; a : p tot 
2. Reduction of permanganates In acid solutions the reduction proceeds ry 
formation of colourless 


Manganese(II) ions. The following reducing aE 
may be used: 
(a) Hydrogen sulphide: in th 


i’ 
alga jut! 
; e presence of dilute sulphuric acid the S° 
decolourizes and sulphur is preci 


Pitated* 
2MnO; +5H,S+6H*+ >» 5S|+2Mn?* +8H,0 pf 
(b) Sulphur dioxide, in the Presence of sulphuric acid, reduces 
Manganate instantaneously : 
2MnO; +580, +2H,0 >» 5502- 
Some dithionate (S,02- 
being dependent upon the 


+2Mn?* + 4+ at! 
a 

) may also be formed in this reaction, the q" 

experimental conditions: 

2MnO; + 6S0, +2H,0 — 2Mn2+ +5204- +4502- +4H* f 


(c) Iron(II) sulphate, in the Presence of sulphuric acid, reduce 


f 
* To avoid th by nydia 
© avoid the production of sulphur by the reduction of potassium permanganate ol” 
sulphide in systematic qualitative analysis, the solution may te reduced with formaldehyde * 

or the solid substance may be boiled with concentrated hydrochloric acid. 

2MnO; +SHCHO+6H* — 2Mn?+ 4 SHCOOH+3H,0 
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manganate to manganese(II). The solution becomes yellow because of the 
forination of iron(II) ions. 


MnO; +5Fe2* +8H* > 5Fe>* +Mn?*+4H,0 


The yellow colour disappears if phosphoric acid or potassium fluoride is added : 
they form colourless complexes with iron(II). 

(d) Potassium iodide, in the presence of sulphuric acid, reduces perman- 
ganate with the formation of iodine: 


2MnO; +1017 + 16H* > 51,+2Mn?*+8H,O 


(e) Sodium nitrite, in the presence of sulphuric acid, reduces permanganate 
with formation of nitrate ions: 


2MnO; +5NO; +6H* > 2Mn2* +5NO; +3H,O 


Some side reactions also take place, and the mixture has the smell of nitrogen 
oxide gas. 

(f) Oxalic acid, in the presence of sulphuric acid, produces carbon dioxide 
gas: 


2MnQ; +5(COO)3~ + 16H* > 10CO,f+2Mn?* +8H,O 


This reaction is slow at room temperature, but becomes fast at 60°C. Man- 
ganese(II) ions catalyse the reaction; thus, the reaction is autocatalytic; once 
manganese(II) ions are formed, it becomes faster and faster. 

In alkaline solution, the permanganate is decolourized, but manganese 
dioxide is precipitated. In the presence of sodium hydroxide solution, potassium 
iodide is converted into potassium iodate, and sodium sulphite solution into 
sodium sulphate on boiling. 


2MnO,; +1- +H,0 > 2MnO,|+10; +20H™ 
2MnO; +3SO3- +H,0 > 2MnO,| +3S02> + 20H7 


3. Concentrated hydrochloric acid All permanganates on boiling wit z 
centrated hydrochloric acid evolve chlorine. ars, 


2MnO; + 16HCI > SCl,1+2Mn?* +6Cl- + 8H,0 


4. Sodium hydroxide solution Upon warming a concentrated solution of 
potassium permanganate with concentrated sodium hydroxide solution, a gree 
solution of potassium manganate is produced and oxygen is evolved When ie 
manganate solution is poured into a large volume of water or is acidified i h 
dilute sulphuric acid, the purple colour of the potassium permanga ae 
restored, and manganese dioxide is precipitated. Same 


4MnO; +40H™ > 4MnO2° +0,1+2H,0 
3MnO2_ +2H,0 > 2MnO; +MnO,|+40H7 


The latter reaction is in fact a disproportionation, when manganese(VI 


oxidized to manganese(VII) and partly reduced to manganese(IV). ) is partly 
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A manganate is produced when a manganese compound is fused with potas- 
sium nitrate and sodium carbonate (see Section III.28, Dry tests). 


5. Action of heat When potassium permanganate is heated in a test-tube, aes 
oxygen is evolved, and a black residue of potassium manganate K MnO; an 
manganese dioxide remains behind. Upon extracting with a little water and 
filtering, a green solution of potassium manganate is obtained. 


2KMnO, > K,MnO,+MnO, +0,1 


IV.35 ACETATES, CH,COO- 
exception of silver and mercury(I) 


readily soluble in water. Some basic 
chromium, 


Solubility All normal acetates, with the 
acetates which are sparingly soluble, are 
acetates, e.g. those of iron, aluminium, and 
are insoluble in water. The free acid, CHCOOH, is a colourless 
liquid with a pungent odour, boiling point 117°, melting point 17° and is miscible 
with water in all proportions: it has a corrosive action on the skin. 

To study these reactions use a 2m solution of sodium acetate 
CH,COONa.3H,0. 


1. Dilute sulphuric acid: acetic acid, easil 
is evolved on warming. 


CH,COO- +H* > CH,COOHT 


y recognized by its vinegar-like odour, 


2. Concentrated sulphuric acid: acetic acid is evolved on heating, together with 


sulphur dioxide, the latter tending to mask the penetrating odour of the con- 
centrated acetic acid vapour. The test wit! 


rated id v i h dilute sulphuric acid, in which the 
acetic acid vapour is diluted with steam, is therefore to be preferred as a test for 
an acetate. 


3. Ethanol and concentrated sulphuric acid 1 g of the solid acetate is treated 
with 1 ml concentrated sulphuric acid and 2-3 ml rectified spirit in a test-tube, 
and the whole gently warmed for several minutes; ethyl acetate CH,COO. C,H; 
is formed, which is recognized by its pleasant, fruity odour. On cooling and 
dilution with water on a clock glass, the fra 


grant odour will be more readily 
detected. 
CH3COONa +H,SO, > CH,;COOH + Nat +HSO; 
CH,COOH +C,H 


50H > CH,COO.C,H.t+ H,O 
(In the second reaction the sulphuric acid acts 
; e iso-amyl alcohol because the 

iso-amyl acetate is more i alcohol itself than is the 


4. Silver nitrate solution: a white, cr 
produced in concentrated soluti 
in boiling water (10-4 g £~! 
dilute ammonia solution, 


CH,COO™ + Ag* = CH,COOAg| 


crystalline precipitate of silver acetate 1S 
ons in the cold. The precipitate is more soluble 
at 30° and 25-2 g {=t at 80°) and readily soluble in 
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When heating the mixture, the precipitate redissolves without the formation of 
black precipitate of silver metal (distinction from formate ions). 


5. Barium chloride, calcium chloride or mercury(I) chloride solution: no 
change in the presence of acetates (distinction from oxalates and formates). 


6. Iron(III) chloride solution: deep-red colouration, owing to the formation ofa 
complex ion, [Fe,;(OH),(CH;COO),]*. On boiling the red solution it decom- 
poses and a brownish-red precipitate of basic iron(II) is formed: 


6CH,COO~ + 3Fe?* +2H,O > [Fe,(OH),(CH,COO),]* +2H* 
[Fe3(OH),(CH;COO),]* +4H,0 > 
> 3Fe(OH),CH;COO] +3CH,COOH + H+ 


7. Cacodyl oxide reaction If a dry acetate, preferably that of sodium or 
potassium, is heated in an ignition tube or test-tube with a small quantity of 
arsenic(III) oxide, an extremely nauseating odour of cacodyl oxide is produced. 
All cacodyl compounds are extremely POISONOUS; the experiment must 
therefore be performed ona very small scale, and preferably in the fume chamber. 
Mix not more than 0:2 g sodium acetate with 0-2 g arsenic(III) oxide in an 
ignition tube and warm; observe the extremely unpleasant odour that is 
produced. 
CH, CH, 


X 4 
4CH,COONa+As,0, = As—-O-—As 2Na,CO,+2CO,t 
/ ~ 
CH, CH, 


8. Lanthanum nitrate test Treat 0:5 ml of the acetate solution with 0'5 ml 
O: Im lanthanum nitrate solution, add 0:5 ml iodine solution and a few drops of 
dilute ammonia solution, and heat slowly to the boiling point. A blue colour is 
produced; this is probably due to the adsorption of the iodine by the basic 
lanthanum acetate. This reaction provides an extremely sensitive test for an 
acetate. 

Sulphates and phosphates interfere, but can be removed by precipitation with 
barium nitrate solution before applying the test. Propionates give a similar 
reaction. 

The spot-test technique is as follows. Mix a drop of the test solution on a spot 
plate with a drop of 0:Im lanthanum nitrate solution and a drop of 0:005m 
iodine. Add a drop of Mammonia solution. Within a few minutes a blue to blue- 
brown ring will develop round the drop of ammonia solution. 

Sensitivity: 50 ug CH;,COO-. Concentration limit: | in 2000. 


9. Formation of indigo test The test depends upon the conversion of acetone, 
formed by the dry distillation of acetates (see reaction 10), into indigo. No other 
fatty acids give this test, but the sensitivity is reduced in their presence. 

Mix the solid test sample with calcium carbonate or, alternatively, evaporate 
a drop of the test solution to dryness with calcium carbonate: both operations 
may be carried out in the hard glass tube of Fig. II.55. Cover the open end of the 
tube with a strip of quantitative filter paper moistened witha freshly prepared ~- 
Solution of o-nitrobenzaldehyde in 2m sodium hydroxide, and hold the paper 
Position with a small glass cap or a small watch glass. Insert the tube into a 
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hole in “uralite’ sheet and heat the tube gently. Acetone is evolved which colours 
‘the paper blue or bluish-green. For minute amounts of acetates, it is best to 
remove the filter paper after the reaction and treat it with a drop of dilute hydro- 
chloric acid; the original yellow colour of the paper is thus bleached and the blue 
colour of the indigo is more readily apparent. 

Sensitivity : 60 ug CH,;COO-. 


10. Action of heat All acetates decompose upon stron 
highly inflammable acetone, CH,.CO.CH,, 
carbonates for the alkali acetates, 


g ignition, yielding the 
and a residue which consists of the 
of the oxides for the acetates of the alkaline 
earth and heavy metals, and of the metal for the acetates of silver and the noble 
metals. Carry out the experiment in an ignition tube with sodium acetate and 
lead acetate. 


2CH ;COONa > CH.CO.CH3] +Na,CO, 


IV.36 FORMATES, HCOO- Solubility With the exception of the lead, 
silver, and mercury(I) salts which are sparingly soluble, most formates are 
soluble in water. The free acid HCOOH, is a pungent smelling liquid (boiling 
point 100:5°, melting point 8°), miscible with water in all Proportions, and pro- 
ducing blisters when allowed to come into contact with the skin, 

To study these reactions use a M solution of sodium formate, HCOONa. 


1. Dilute sulphuric acid: formic acid 
can be detected on warming the mixt 
HCOO- +H* > HCOOH} 


is liberated, the pungent odour of which 
ure, 


2. Concentrated sulphuric acid: carbon monoxide (HIGHLY POISONOUS) 
is evolved On warming; the gas should be ignited and the characteristic blue 
name obtained. The test can be successfully carried out with solid sodium 
ormate. 


HCOONa + HS0, > COT +Na* + HSO; +H,0 
3. Ethanol and con 


0 centrated sulphuric acid: 
formate, is apparen 


s a pleasant odour, owing to ethyl 
t on warming (for details, 


é see under Acetates, Section IV.35, 
reaction 3). 
HCOONa + H,SO, => HCOOH +Na*+ HSO; 
HCOOH +C,H 


sOH + HCOO.C,H;1+H,0 


4. Silver nitrate solution: white Precipitate of silver for 
slowly reduced at room temperature and m 
precipitate of silver being formed 
solutions, the silver may be dep 
tube. 


HCOO™ +Ag* > HCOOAg| 
2HCOOAgI + 2Ag|+HCOOH+Co,4 


mate in neutral solutions, 
; and more rapidly on warming, a black 
1 (distinction from acetate). With very dilute 
osited in the form of a mirror on the walls of the 


5. Barium chloride or calcium chloride Solution: no change (distinction from 
oxalates). 
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§. Iron(IIL) chloride: a red colouration, due to the complex [Fe,(HCOO), ]3*, 
$ Produced in practically neutral solutions; the colour is discharged by hydro- 
thloric acid. If the red solution is diluted and boiled, a brown precipitate of 
basic iron(III) formate is formed. 


6HCOO- +3Fe3* > [Fe,(HCOO),]** 
| [Fe3(HCOO),]** +4H,0 > 2Fe(OH),HCOO| + 4HCOOHT + Fe?+ 


l. Mercury(II) chloride solution: white precipitate of mercury(I) chloride 
“lomel) is produced on warming; this passes into grey, metallic mercury, in 
€ presence of excess formate solution (distinction from acetate). 


2HCOO™ +2HgCl, > Hg,Cl,| +2C17 +COf+CO,f+H,0 
2HCOO- +Hg,Cl,| > 2Hg| +2Cl- + COft+CO,t+H,0 


| Mercury(II) formate test Free formic acid is hecessary for this test. The 

Ution of sodium formate must be acidified with dilute sulphuric acid and 
ken vigorously with a little mercury(II) oxide. The solution must then be 
tered. The filtrate, when boiled, gives momentarily a white precipitate of 
h cury(I) formate, which rapidly changes to a grey precipitate of metallic 
/tcury, 
| 2HCOOH +Hg0 > (HCOO), He + H,O 

2(HCOO),Hg > (HCOO),Hg,| + HCOOH +CO,t 
(HCOO),Hg,| + 2Hg| +HCOOH+CO,} 


frmic acid and mercury(II) formate are almost completely undissociated 
‘Mer these circumstances, : 


Formaldehyde-chromotropic acid test Formic acid, H.COOH, is reduced 
formaldehyde H.CHO by magnesium and hydrochloric acid. The formalde- 
e is identified by its reaction with chromotropic acid (see Section II.24, 
Stion 9d) in strong sulphuric acid when a violet-pink colouration appears, 
her aliphatic aldehydes do not give the violet colouration. 
ace a drop or two of the test solution in a semimicro test-tube, add a drop 
Wo of dilute hydrochloric acid, followed by magnesium powder until the 
jy tion of gas ceases. Introduce 3 ml sulphuric acid (3 vol. acid +2 vol. water) 
a little solid chromotropic acid, and warm to 60°C. A violet-pink colour- 
/ appears within a few minutes. 
Sensitivity: 1-5 ug H.COOH. Concentration limit: | in 20,000. 


ction of heat Cautious ignition of the formates of the alkali metals 
As the corresponding oxalates (for tests, see Section IV.37) and hydrogen. 


| 2HCOONa > (COO),Na,+H,t 


W OXALATES, (COO)3- Solubility The oxalates of the alkali metals 
er 'ron(II) are soluble in water; all other oxalates are either insoluble or 
28ly soluble in water. They are all soluble in dilute acids. Some of the 

SS dissolve in a concentrated solution of oxalic acid by virtue of the 


ton of soluble acid or complex oxalates. Oxalic acid (a dibasic acid) is a 
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i j s on 
colourless, crystalline solid, or eae anal ce anhydrou 
i 10°; it is readily soluble in water g j \ 
sepa these reactions a 0-1M solution of sodium oxalate, (COONa)>, 0 
ammonium oxalate, (COONH,),.H,0, should be used. 


iti i e: ith 
1. Concentrated sulphuric acid: decomposition of all solid oxalates aaa 
the evolution of carbon monoxide and carbon dioxide; the latter can be E a 
by passing the escaping gases through lime water (distinction from forma 


int ic acid, 
the former by burning it at the mouth of the tube. With dilute sulphuric T 
there is no visible action; in the presence of manganese dioxide, however, 
carbon dioxide is evolved. 


(COOH), > H,0+COt+CO,t 
(CO0); +MnO,+4H* > Mn2+ +2C0,7+2H,0 


(the concentrated sulphuric acid acts as a dehydrating agent). 


2. Silver nitrate solution: white, curdy precipitate of silver oxalate sparingly 
soluble in water, soluble in ammonia solution and in dilute nitric acid. 
(COO);" +2Ag* > (COOAg), | 

(COOAg),|+4NH, > 2[Ag(NH;),]* 


+(COO)3~ 
(COOAg), | +2H+ 


> 2Ag* +(COO)3- +2H+ 
3. Calcium chloride Solution: white 
from neutral solutions, insoluble s 
ammonium oxalate solution, soluble in dilute hydrochloric acid and in 
dilute nitric acid. It is the most i 

is even precipitated by calci 
chloride solution sim 
soluble in water 
oxalic acids. 


(C00); +Ca?* + (COO),Ca} 
(COO)" + Ba** (COO), Bal 


Precipitate of barium oxalate sparing 
but soluble in solutions of acetic an 


4. Potassium permanganate solution: 
solution to 60°-79°. The bleaching of pe 
many other organic compounds but if t 
by the lime wa; 


ter reaction (Section IV 
for oxalates, 


decolourized when warmed in ay 
Tmanganate solution is also Seg ve 
he evolved carbon dioxide is teste ine 
-2, reaction 1), the test becomes spec 

COO)" +2Mn0; + 16H* — 10CO,7 +2Mn2+ +8H,0 


Spreads dow; 
eventually colours the whole of 


Nwards from the interface a? 
th 


e sulphuric acid layer. 
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Citrates do not interfere. In the presence of tartrates, a blue ring is obtained 
in the cold or upon very gently warming (compare similar test under Tartrates 
in the following section). 


6. Manganese(II) sulphate test A solution of manganese(II) sulphate is- 
treated with sodium hydroxide and the resulting mixture warmed gently to 
oxidize the precipitate by atmospheric oxygen to hydrated manganese dioxide 
(cf. Section III.28, reaction 1). After cooling, the solution of the oxalate, made 
acid with dilute sulphuric acid, is added The precipitate dissolves and a red 
colour is produced, which is probably due to the formation of trioxalato- 
manganate(III) complex ion: 

7(COO)3~ +2MnO(OH), | +8H* > 2{Mn[(COO),];}°~ +2CO,t +6H,O 


7. Action of heat All oxalates decompose upon ignition. Those of the alkali 
metals and of the alkaline earths yield chiefly the carbonates and carbon 
monoxide? a little carbon is also formed. The oxalates of the metals whose 
carbonates are easily decomposed into stable oxides, are converted into carbon 
monoxide, carbon dioxide, and the oxide, e.g. magnesium and zinc oxalates. 
Silver oxalate yields silver and carbon dioxide; silver oxide decomposes on 
heating. Oxalic acid decomposes into carbon dioxide and formic acid, the latter 
being further partially decomposed into carbon monoxide and water. 


7(COONa), > 7Na,CO; + 3COT +2CO,t +2C 
(COO),Ba > BaCO,+COt 
(COO),Mg > MgO+COt+CO,t 
(COOAg), > 2Ag+2CO,t 
(COOH), > HCOOH +CO,t 
HCOOH > COt+H,0t 


8. Formation of aniline blue test Upon heating insoluble oxalates with con- 
centrated phosphoric acid and diphenylamine or upon heating together oxalic 
acid and diphenylamine, the dyestuff aniline blue (or diphenylamine blue) is 
formed. Formates, acetates, tartrates, citrates, succinates, benzoates, and salts 
of other organic acids do not react under these experimental conditions. In the 
presence of other anions which are precipitated by calcium chloride solution, 
e.g. tartrate, sulphate, sulphite, phosphate, and fluoride, it is best to heat the 
precipitate formed by calcium chloride with phosphoric acid as detailed below. 

Place a few milligrams of the test sample (or, alternatively, use the residue 
obtained by evaporating 2 drops of the test solution to dryness) in a micro test- 
tube, add a little pure diphenylamine and melt over a free flame. When cold, 
take up the melt in a drop or two of alcohol when the latter will be coloured blue. 

Sensitivity: 5 ug (COOH),. Concentration limit: 1 in 10,000. 


IV.38 TARTRATES, C,H,0{~ Solubility Tartaric acid, HOOC 

[CH(OH)],COOH or H,.C,H,O,, is a crystalline solid, which is extremely 
soluble in water; it is a dibasic acid. Potassium and ammonium hydrogen 
tartrates are sparingly soluble in water; those of the other alkali metals are readily 
soluble. The normal tartrates of the alkali metals are easily soluble, those of the’ 
other metals being sparingly soluble in water, but dissolve in solutions of alkali 
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tartrates forming complex salts, which often do not give the typical reactions of 
the metals present. 

The most important commercial salts are ‘tartar emetic’, K(SbO).C,H,06¢. 
0:-5H,O; ‘Rochelle salt’, KNa.C,H,0,.4H,O; and ‘cream of tartar 5 
KH.C,H,0,. 


To study these reactions use a 0-1M solution of tartaric acid, H2.C,H406, 
or a ©- IM solution of Rochelle salt, KNa.C,H,06.4H,0. The latter solution 
is neutral. 


1. Concentrated sulphuric acid Wh 
trated sulphuric acid, it is decom 
almost immediately (owing to t 
carbon monoxide are evolved, 
named probably arises from the 
An odour, reminiscent of burnt 
Dilute sulphuric acid has no visib 


en a solid tartrate is heated with concen- 
posed in a complex manner. Charring occurs 
he separation of carbon), carbon dioxide and 
together with some sulphur dioxide; the last- 
reduction of the sulphuric acid by the carbon. 
Sugar, can be detected in the evolved gases. 
le action. 

"Ha.C,H,O, > COT +CO,t+2C+3H,07 

C+2H,SO, > 280,1+CO,1+2H,0} 


3. Calcium chloride Solution: white, 


Ca.C,H,0;, wi crystalline precipitate of calcium tartrate, 
in dilute acetic aci 


12 Precipitatii ion forming a complex tartrate 
. pita FAE” 
glass rod us shaking or by rubbing 


C,4H,02- TGEA Ca.C,H,0,| 


4. Potassium chloride Solution 


When a concentrated n i 
i F i eutral solution of a 
tartrate 1s treated with a solution of a Potassium salt (e.g. potassium chloride or 
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potassium acetate) and then acidified with acetic acid, a colourless crystalline 
precipitate of potassium hydrogen tartrate, KH.C,H4O,, is obtained. The 
precipitate forms slowly in dilute solutions; crystallization is induced by 
vigorous shaking or by rubbing the walls of the vessel with a glass rod. 


C,H,02- +K* +CH,COOH > KH.C,H,0,| +CH,COO- 


5. Fenton's test Add 1 drop of a 25 per cent solution of iron(II) sulphate to 
about 5 ml of the neutral or acid solution of the tartrate, and then 2-3 drops of 
hydrogen peroxide solution (10 volume). A deep-violet or blue colouration is 
developed on adding excess sodium hydroxide solution. The colour becomes 
more intense upon the addition of a drop of iron(II) chloride solution. 

The violet colour is due to the formation of a salt of dihydroxymaleic acid, 
CO,H.C(OH)=C(OH).CO,H. 

The test is not given by citrates, malates or succinates. 


6. Resorcinol test Place a few drops of the test solution in a test-tube; add 
several drops of dilute sulphuric acid and a speck or two of magnesium powder. 
When the metal has dissolved, add about 0-1 g resorcinol, and shake until 
dissolved. Cool. Carefully pour down the side of the tube 3-4 ml concentrated 
sulphuric acid. Upon warming the sulphuric acid layer at the bottom of the 
tube very gently (CAUTION), a red layer (or ring) forms at the junction of the 
two liquids. With continued gentle heating, the red colour spreads downwards 
from the interface and eventually colours the whole of the sulphuric acid layer. 

Citrates do not interfere. In the presence of oxalate, a blue ring is formed in 
the cold and on gentle warming of the sulphuric acid layer at the bottom of the 
tube the blue colouration spreads downwards into the concentrated acid layer 
and a red ring forms at the interface. 

The colour is due to the formation of a condensation product of resorcinol, 
C,sH4(OH),, and glycollic aldehyde, CH,OH.CHO, the latter arising from the 
action of the sulphuric acid upon the tartaric acid. The formula of the conden- 
sation product is CHJOH.CH[C,H3(OH),]2. 


7. Copper hydroxide test Tartrates dissolve copper hydroxide in the presence 
of excess alkali hydroxide solution to form the dark-blue ditartratocuprate(II) 
ion, [Cu(C,4H40,)2]?-, which is best detected by filtering the solution. If only 
small quantities of tartrate are present, the filtrate should be acidified with 
acetic acid and tested for copper by the potassium hexacyanoferrate(II) test. 
Arsenites, ammonium salts, and organic compounds convertible into tartaric 
acid also give a blue colouration, and should therefore be absent or be removed. 

The experimental details are as follows. Treat the test solution with an equal 
volume of 2M sodium or potassium hydroxide (or treat the test solid directly 
with a few ml of the alkali hydroxide solution, warm for a few minutes with 
stirring and then cool), add a few drops of 0:25m copper sulphate solution (i.e. 
just sufficient to yield a visible precipitate of copper(II) hydroxide), shake the 
mixture vigorously for 5 minutes, and filter. If the filtrate is not clear, warm to 
coagulate the colloidal copper hydroxide and filter again. A distinct blue 
colouration indicates the presence of a tartrate. If a pale colouration is obtained, 
it is advisable to add concentrated ammonia solution dropwise when the blue 
colour intensifies; it is perhaps better to acidify with 2m acetic acid and add 
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potassium hexacyanoferrate(II) solution to the clear solution whereupon a 


reddish-brown precipitate or (with a trace of a tartrate) a red colouration is 
obtained. 


8. BB'-Dinaphthol test 


OPON 


when a solution of ff’ -dinaphthol in concentrated sulphuric acid is heated with 
tartaric acid, a green colouration is obtained. Oxalic, citric, succinic, and cin- 
namic acids do not interfere. 


Heat a few milligrams of the solid test sample or a drop of the test solution 
with 1-2 ml of the 


dinaphthol reagent in a water bath at 85°C for 30 minutes. 

A luminous green fluorescence appears during the heating: it intensifies on 

Cooling, and at the same time the violet fluorescence of the reagent disappears. 

Sensitivity: 10 pg tartaric acid. Concentration limit: 1 in 5,000. 

The reagent consists of a solution of 0:05 g Bp’ 
centrated sulphuric acid. 


9. Action of heat The tartrates and also tartaric acid decompose in a complex 
manner on heating; charring takes place, a smell of burnt Sugar is apparent and 
inflammable vapours are evolved. 


IV.39 CITRATES, CHs03~ Solubility Citric acid, HOOC.CH,.C(OH)- 
CO,H.CH,.COOH.H,O or. H;.C5H;0,.H,0O is a crystalline solid which is 


centrated sulphuric acid Whena solid citrate 


’ t pro the reaction are carbon monoxide and acetone 
dicarboxylic acid(I); the 1 


goes further partial decomposition into 
acetone(II) and carbon dioxide. 


HOOC.CH, .C(OH)CO,H.CH,.COOH 5 


> COT+H, OF + HOOC.CH,.CO.CH,.COOH(I); 
HOOC.CH,CO.CH,.COOH | 
~CH;.CO.CH,1(I) + 2C0,t 
Use may be made of the intermediate formation of acetone dicarboxylic acid 
and of the interaction of the latter with sodium nitroprusside solution to yield 
a red colouration as a test for citrates. When about 0:5 g of a citrate or of citric 
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acid is treated with 1 ml concentrated sulphuric acid for 1 minute, the mixture 
cooled, cautiously diluted with water, rendered alkaline with sodium hydroxide 
solution and then a few millilitres of a freshly prepared solution of sodium 
nitroprusside added, an intense red colouration results. 


2. Silver nitrate solution: white, curdy precipitate of silver citrate, Ag, -Cs H507, 
from neutral solutions. The precipitate is soluble in dilute ammonia solution, 
and this solution undergoes only very slight reduction to silver on boiling 
(distinction from tartrate). 


C.H;,03- +3Ag* > Ag3.CgHs07! 
Ag.CgH,0,| +6NH; > 3[Ag(NH3)2]* +CsHs07” 


3. Calcium chloride solution: no precipitate with neutral solutions in the cold 
(difference from tartrate), but on boiling for several minutes a crystalline 
precipitate of calcium citrate, Ca3(C,H;0,).4H,0, is produced. If sodium 
hydroxide solution is added to the cold solution containing excess calcium 
chloride, there results an immediate precipitation of amorphous calcium 
citrate, insoluble in solutions of caustic alkalis, but soluble in ammonium 
chloride solution; on boiling the ammonium chloride solution, crystalline 
calcium citrate is precipitated, which is now insoluble in ammonium chloride. 


2C,H;03- +3Ca?* > Ca3(CgH507)21 


4. Cadmium acetate solution: white, gelatinous precipitate of cadmium citrate 
Cd,(C,H;0,)2, practically insoluble in boiling water, but readily ‘soluble in 
warm acetic acid (tartrate gives no precipitate). 


2C,H,03- +3Cd?* > Cd3(CoH50;)2! 


5. Deniges’s test Add 0-5 ml acid mercury(II) sulphate solution to 3 ml 
citrate solution, heat to boiling and then add a few drops of a 0-02M solution of 
potassium permanganate. Decolourization of the permanganate will take place 
rapidly and then, somewhat suddenly, a heavy white precipitate, consisting of 
the double salt of basic mercury(II) sulphate with mercury(II) acetone 
dicarboxylate 


HgSO,.2Hg0.2[CO(CH,.CO,),Hg]| 


is formed. Salts of the halogen acids interfere and must therefore be removed 
before carrying out the test. 

The reagent (an acid solution of mercury(I) sulphate) is prepared by adding 
10 ml concentrated sulphuric acid slowly to 50 ml water, and dissolving 2:2 g 
mercury(II) oxide in the hot solution. 


6. Action of heat Citrates and citric acid char on heating; carbon monoxide, 
carbon dioxide, and acrid-smelling vapours are evolved. 


1V.40 SALICYLATES, C,H,(OH)COO™ OR C-H;03 Solubility Salicylic 
acid, C,H,(OH)COOH (o-hydroxybenzoic acid), forms colourless needles 
which melt at 155°. The acid is sparingly soluble in cold water, but more soluble 
in hot water, from which it can be recrystallized. It is readily soluble in alcohol 
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and ether. With the exception of the lead, mercury, silver, and barium salts, the 
monobasic salts, C;H,(OH)COOM - these are the most commonly occurring 
salts — are readily soluble in cold water. 

To study these reactions use a 0:5M solut 


ion of sodium salicylate, 
C,H4(OH)COONa or Na.C;H,0,. 


1. Concentrated sulphuric acid: solid sodi 
charring occurs slowl 
sulphur dioxide. 


um salicylate dissolves on warming; 
y. accompanied by the evolution of carbon monoxide and 


2. Concentrated sulphuric acid and methanol (‘oil of wintergreen’ test) When 


0:5 g of a salicylate or of salicylic acid is treated with a mixture of 1-5 ml 
concentrated sulphuric acid and 3 ml methanol and the whole gently warmed, 
the characteristic, fragrant odour of the ester, methyl salicylate(I) (‘oil of 
wintergreen’), is obtained. The odour is readily detected by pouring the mixture 
into dilute sodium carbonate solution contained in a porcelain dish. 


C6H4(OH)COOH + CH,OH > C6H,(OH)COO.CH,f(1) + H,O 
(The sulphuric acid acts as a dehydrating agent.) 
3. Dilute hydrochloric acid: 


solutions of the salts. The preci 
which it crystallizes on cooling. 


crystalline precipitate of salicylic acid from 
pitate is moderately soluble in hot water, from 


4. Silver nitrate solution: heavy, crystalline precipitate of silver salicylate, 
Ag.C,H,0,, from neutral solutions; it is soluble in boiling water and crystal- 
lizes from the solution on cooling. - 


C6H4(OH)COO- + Agt — CsH4(OH)COOAg| 


6. Dilute nitric acid When a salicylate or the free acid is boiled with dilute 
nitric acid (2m) and the mixture poured into 4 times its volume of cold water, a 
crystalline precipitate of S-nitrosalicylic acid is obtained. The precipitate is 


filtered off and recrystallized from boiling water; the acid, after drying, has a 
melting point of 226°. 
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acidifying the concentrated solution with dilute liydrochloric acid: most of the 
salicylic acid will separate out upon cooling. 


7. Soda lime When salicylic acid or one of its salts is heated with excess of 
soda lime in an ignition tube, phenol, C,H;(OH), is evolved, which may be 
recognized by its characteristic odour. 


C,H,(OH)COONa + NaOH > C6HsOHĵ + Na,CO, 


8. Action of heat Salicylic acid, when gradually heated above its melting point, 
sublimes. If it is rapidly heated, it is decomposed into carbon dioxide and 
phenol. Salicylates char on heating and phenol is evolved. 


C,H,(OH)COOH > C,H;OHT +COz2T 


IV.41 BENZOATES, C,H,COO- OR C;H,O3 Solubility Benzoic acid, 
C,H;COOH or H.C,H50,, is a white crystalline solid; it has a melting point 
of 121°. The acid is sparingly soluble in cold water, but more soluble in hot 
water, from which it crystallizes out on cooling; it is soluble in alcohol and in 
ether. All the benzoates, with the exception of the silver and basic iron(II) salts, 
are readily soluble in cold water. 

To study these reactions use a OSM solution of potassium benzoate, 
Cs,H;COOK or K.C;H;03. 


1. Concentrated sulphuric acid: no charring occurs on heating solid benzoic 
acid with this reagent; the acid forms a sublimate on the sides of the test-tube 
and irritating fumes are evolved. 


2. Dilute sulphuric acid: white, crystalline precipitate of benzoic acid from 
cold solutions of benzoates. The acid may be filtered off, dried between filter 
paper or upon a porous tile and identified by means of its melting point (121°). 
If the latter is somewhat low, it may be recrystallized from hot water. 


C,H;COO" +H* > C,H;COOH] 


3. Concentrated sulphuric acid and ethanol Heat 0-5 g of a benzoate or of 
benzoic acid with a mixture of 1:5 ml concentrated sulphuric acid and 3 ml 
ethanol for a few minutes. Allow the mixture to cool, and note the pleasant and 
characteristic aromatic odour of the ester, ethyl benzoate. The odour is more 
apparent if the mixture is poured into dilute sodium carbonate solution con- 
tained in an evaporating basin; oily drops of ethyl benzoate will separate out. 


C,Hs.COOH +C,H,OH > C,H;.COOC,H,1 +H,0 


4. Silver nitrate solution: white precipitate of silver benzoate, Ag.C,H;O), 
from neutral solutions. The precipitate is soluble in hot water and crystallizes 
from the solution on cooling; it is also soluble in dilute ammonia solution. 


CgHs.COO™ + Ag” > CoHs.COOAg] 
C,H;.COOAg| +2NH, > [Ag(NH3)2]* +C.Hs.COO- 


5. Iron(III) chloride solution: buff-coloured precipitate of basic iron(II) 
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benzoate from neutral solutions. The precipitate is soluble in hydrochloric acid, 
with the simultaneous separation of benzoic acid (see reaction 2). 


3CsHsCOO™ + 2Fe** +3H,0 > (C,H,COO),Fe.Fe(OH);| +3H* 


6. Soda lime Benzoic acid and benzoates, when heated in an ignition tube 
with excess soda lime, are decomposed into benzene, C6H6, which burns with a 
smoky flame, and carbon dioxide, the latter combining with the alkali present. 


CHs.COOH + 2NaOH > C,H,t+Na,CO,+H,Of 


7. Action of heat When benzoic acid is heated 


in an ignition tube, it melts, 
evaporates, and condenses in the cool 


Parts of the tube. An irritating vapour is 
simultaneously evolved, but no charring occurs. If a little of the acid or of one 


of its salts is heated upon platinum foil or broken porcelain it burns with a blue, 
smoky flame (distinction from succinate). 


IV.42 SUCCINATES, C,H,O2- Solubility 

CH,.COOH or H,.C,H,O, (a dibasic acid), isa 
melting point of 182°: it boils at 235° 
C,H,0,, by the loss of one molecule 
(68:4 g l! at 20°), but more solubl 
alcohol and in acetone, slightly s 
chloroform. Most normal succina 


calcium, barium, and basic iron(III) salts are sparingly soluble. 


To study these reactions use a 0°5M solution of sodium succinate, 
C,H4(COONa),.6H,O or Na,.C,H,0,.6H,O. 


Succinic acid, HOOC.CH). 
white, crystalline solid with a 
with the formation of succinic anhydride, 
of water. The acid is fairly soluble in water 
e in hot water; it is moderately soluble in 
oluble in ether, and sparingly soluble in 
tes are soluble in cold water; the silver, 


1. Concentrated sulphuric acid The acid or its salts dissolve in warm, con- 
centrated sulphuric acid without charring; if the solution is strongly heated, 
slight charring takes pldce and sulphur dioxide is evolved. 

Dilute sulphuric acid ‘has no visible action, 
2. Silver nitrate Solution; white preci 


pitate of silver succinate, Ag,.C4,H,O,, 
from neutral solutions, readily solubl 


e in dilute ammonia solution. 
C,H,(COO)3- +2Ag* > C,H4(COOAg), | 
C,H4(COOAg),| +4NH, — 2[Ag(NH,),]* +C,H,(COO)3- 
3: Tron( M1) chloride solution: light-brown precipitate of basic iron(II) 
Succinate with a neutral solution; some free succinic acid is simultaneously 
produced, and the solution becomes slightly acidic. 


3C,H,(COO)?> + 2Fe3+ +2H,0 > 
> 2C,H,(COO),Fe(OH)| +C,H,(COOH), 
4. Barium chloride solution: white 
or slightly ammoniacal solutions 
Yy Vigorous shaking or by 
test-tube with a glass rod, 
C,H,(COO)3- +Ba2*+ | C,H,4(COO),Ba| 


222 


REACTIONS OF THE ANIONS IV.43 


5. Calcium chloride solution: a precipitate of calcium succinate is very slowly 
produced from concentrated neutral solutions. 


C,H,(COO)3- +Ca?* > C,H,(COO),Cal 


6. Fluorescein test About 0:5 g of the acid or one of its salts is mixed with 1 g 
resorcinol, a few drops of concentrated sulphuric acid added, and the mixture 
gently heated; a deep-red solution is formed. On pouring the latter into a large 
volume of water, an orange-yellow solution is obtained, which exhibits an 
intense green fluorescence. The addition of excess sodium hydroxide solution 
intensifies the fluorescence, and the colour of the solution changes to bright red. 

Under the influence of concentrated sulphuric acid, succinic anhydride(I) is 
first formed, and this condenses with the resorcinol(II) to yield succinyl- 
fluorescein(III). 


roy & lon -2m0 
CH,—CO HO OH 


(1) (11) 


IRAN. 
ch, 0 cH 
eal 2 0H 
CH,—Cy CH, — C 


am av) 
The quinoid structure (IV) is predominant in alkaline solutions. 


7. Action of heat When succinic acid or its salts are strongly heated in an 
ignition tube, a white sublimate of succinic anhydride, C,H4O3, is formed and 
irritating vapours are evolved. If the ignition’is carried out on platinum foil or 
upon ’.roken porcelain, the vapour burns with a non-luminous, blue flame, 
leaving a residue of carbon (distinction from benzoate). 


IV.43 HYDROGEN PEROXIDE, H,0, This substance is marketed in the 
form of ‘10-, 20-, 40-, and 100-volume’ solutions. It is formed upon adding 
sodium peroxide in small portions to ice water: 

Na,0O,+2H,0 = H,0,+2Na* +20H™ 
Owing to the heat liberated in the reaction, part of the hydrogen peroxide is 
decomposed : 


2H,0, > 2H,0+ Ost 


Hydrogen peroxide is prepared on an industrial scale by an electrochemical 
method.* A convenient source is the inexpensive sodium perborate, 
NaBO,.4H,0; this yields hydrogen peroxide when its aqueous solution is heated: 


BO; +H,0 > H,0,+BOz 


* Cf. Mellor's Modern Inorganic Chemistry, 6th edn., Longman 1967, p. 323. 
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ium pentoxide test If an acidified solution of hydrogen peroxide is 
se he pale diethyl ether (highly inflammable), amyl alcohol or amyl 
acetate and a few drops of potassium dichromate solution added and the mix- 
ture gently shaken, the upper organic layer is coloured a beautiful blue. For 
further details, see Section IV.33, reaction 4, and Section 111.24, reaction 6b. The 
test will detect 0-1 mg of hydrogen peroxide. ¢ 
If ether is employed, a blank test must always be carried out with the ether 
alone because after standing it may contain organic peroxides which give the 
test. The peroxides may be removed by shaking 1 £ of ether with a solution 
containing 60 g FeSO,.7H,0, 6 ml concentrated H,SO,, and 110 ml water, 
then with chromic acid solution (to oxidize any acetaldehyde produced), 
followed by washing with alkali and redistilling. The peroxides may also be 


removed by treatment with aqueous sodium sulphite. The use’of amyl alcohol 
is, however, to be preferred. 


2. Potassium iodide and starch If Potassium iodide and starch are added to 


hydrogen peroxide, acidified Previously by dilute sulphuric acid, iodine is 
formed slowly and the solution turns gradually to deeper and deeper blue: 
H,0,+2H* +217 > I,+2H,0 


Molybdate ions accelerate this reacti 


on. In the presence of | drop of 0:025M 
(0:4 per cent) ammonium molybdate s 


olution the reaction is instantaneous. 


3. Potassium permanganate solution: decolourized in acid solution and oxygen 
is evolved: 


2MnOj; + 5H,0,+6H* > 2Mn2+ +50,7+8H,0 
4. Titanium(IV) chloride solution: oran 


ge-red colouration (see under Titanium, 
Section VII.17, reaction 6). This is a ve 


Ty delicate test. 


5. Potassium hexacyanoferrate( 111) and iron(IIT) chloride Toa nearly neutral 
solution of iron(IIl) chloride add some Potassium hexacyanoferrate(II1) 


solution. A yellow solution is obtained. To this, add a nearly neutral solution of 
hydrogen peroxide. The solution 


turns to green and Prussian blue separates 
slowly. 

Hydrogen peroxide reduces hexacyanoferrate(III) ions to hexacyano- 
ferrate(II): 


2[Fe(CN),]}>- +H,0 


2 > 2[Fe(CN),]*- + 2H+ +0,} 
Prussian blue is then prod 


uced from iron(II) 


and hexacyanoferrate(II) ions: 
4Fe?t + 3[Fe(CN),]*- 


> Fe,[Fe(CN),],] 


6 and Section TiI.21, reaction 7). j 
8. tin(II) chloride, sodium sulphite, sodium thio- 
at V Xacyanoferrate(III) ions to hexacyanoferrate(11), SO 

that this reaction is not al 
The spot-test techni 


echnique is as follows. In adiacent depressions of a spot plate 
place a drop of distilled 
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hexacyanoferrate(III) solution) to each. A blue colouration or precipitate is 
formed. : 
Sensitivity: 0-1 pg H202. Concentration limit: | in 600,000. 


6. Gold chloride solution: reduced to finely divided metallic gold, which appears 
greenish-blue by transmitted light and brown by reflected light. 


2Au3* +3H,0, > 2Au| +30,1 +6H* 


The spot-test technique is as follows. Mix a drop of the neutral test solution 
with a drop of 0:33M. gold chloride solution in a micro crucible and warm. After 
a short time, the solution is coloured red or blue with colloidal gold. 

Sensitivity: 0-07 ug H,O2. Concentration limit: 1 in 700,000. 


7. Lead sulphate test Hydrogen peroxide converts black lead sulphide into 
white lead sulphate: 


PbS| +4H,0, > PbSO,|+4H,O 


Place a drop of the neutral or slightly acid test solution upon drop-reaction 
paper impregnated with lead sulphide. A white spot is formed on the brown 
paper. 

Sensitivity: 0:04 ug H202. Concentration limit: 1 in 1,250,000. 

The lead sulphide paper is prepared by soaking drop-reaction paper in a 
0:0025M solution of lead acetate, exposing it to a little hydrogen sulphide gas 
and then drying in a vacuum desiccator. The paper will keep in a stoppered bottle. 


8. Chemiluminescence test This test has to be carried out in a dark room. 

To 20 ml 2m sodium hydroxide add 5 ml 1 per cent aqueous solution of 
lucigenine (dimethyl diacridylium dinitrate). Switch off the light. Add 5 ml 
3 per cent hydrogen peroxide solution and mix. A steady greenish-yellow light 
is emitted; the phenomenon lasts for about 15 minutes. 

To one-half of the solution add 1 drop of | per cent osmium tetroxide solution 
and mix. The light flares up, turns to bluish-violet, then quickly fades away. 

For the explanation of these phenomena consult the literature* 


IV.44 DITHIONITES, S,03- Dithionites are obtained by the action of 
reducing agents, such as zinc, upon hydrogen sulphites 
4HSO; +Zn > S2047 +2SO37 + Zn?” + 2H,0 
Sulphur dioxide may also be passed into a cooled suspension of zinc dust 
in water: 
Zn+2SO, > Zn?* +S,047 


Zinc ions, which are produced in both processes can be removed from the 
solution with sodium carbonate, when zinc carbonate is precipitated. By 
saturating the solution with sodium chloride, sodium dithionite, Na,S,0,.2H,0, 
is precipitated. 


* See L. Erdey in E. Bishop (ed.), Indicators, Pergamon Press 1972, p. 713 et f. 
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Sodium dithionite is a powerful reducing agent. A solution of the salt, con- 
taining an excess of sodium hydroxide, is used as an absorbent for oxygen in gas 
analysis. 


To study these reactions use a freshly prepared 0-5m solution of sodium 
dithionite, Na,S,0,. 


1. Dilute sulphuric acid: orange colouration, which soon disappears, accom- 
panied by the evolution of sulphur dioxide and the precipitation of sulphur: 
28,07" +4H* > 3S0,+S]+2H,0 
2. Concentrated sulphuric acid: immediate evolution of sulphur dioxide and the 
Precipitation of pale-yellow sulphur. 
28,07" +2H,SO, > 3S0,7 +S] + 2S0} +2H,O 


3. Silver nitrate solution: black precipitate of metallic silver. 
S204- +2Ag* +2H,O > 2Ag| + 2803" +4H+ 


If the reagent is added in excess, white silver sulphite is also precipitated 
(cf. Section IV.4, reaction 3). 


4. Copper sulphate solution: red precipitate of metallic copper. 
S204- +Cu?* +2H,0 > Cu] +2S03- + 4H* 


5. Mercury(II) chloride solution: grey precipitate of metallic mercury. 
S204- + HgCl, + 2H,0 > Hg] +2S03- +2Cl- +4H+ 


6. Methylene blue Solution: 


immediate decolourization in the cold. The 
methylene blue is reduced to t 


he colourless leuco compound. 


7. Indigo solution: reduced to the colourless leuco compound, known as 
indigo white. 


S204- +C,.H,,0,N,+2H,0 > C,6H,,0,N, +2502- +2H* 
(indigo) (indigo 
white) 


a 6), because of oxidation caused by dissolved and 
atmospheric oxygen. In the pre: 


ies g solid sodium dithionite it suddenly evolves 
sulphur dioxide at about 190° (exothermic Teaction). The residue has lost its 
reducing power to indigo and 


sodium sulphite and sodium thi 
2Na28,0, > Na,SO,+Na,S,0, + SO,t 
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V.1 INTRODUCTION Having become familiar with the reactions of cations 
and anions, the reader should improve his/her skills in qualitative analysis by 
carrying out special tests and separations. 

It is assumed that all samples are soluble in water or in dilute nitric acid, so that 
no time has to be wasted on getting the sample dissolved. In the case of anion 
testing,-the preparation of-a soda-extract will be described, from which all the 
tests can be carried out. 

First the analysis of a sample, coniaining one unknown cation should be 
attempted, and, if time allows, repeated with further cations belonging to differ- 
ent classes. Once the cation is found, its presence should be verified by other, 
characteristic reactions. 

Given enough time, a systematic separation and identification of several 
cations in mixtures should be tried. It would be futile to start with a mixture 
containing all cations mentioned so far, but perhaps a mixture of 5-6 ions, taken 
at random from different classes, should be attempted. 

Finally, special tests for individual anions and their mixtures should be carried 
out, concentrating on such combinations, which often occur together in real 
samples. 

The dissolution or fusion of samples which would not otherwise dissolve in 
water or nitric acid or which cannot be decomposed by soda are beyond the scope 
of this book. Such treatment, together with detailed explanations of the cation 
separation scheme have been included in the Fifth Edition of this book.* 


V.2 TESTING FOR A SINGLE CATION IN SOLUTION The scheme 
follows the classification of cations into groups, as described in Section III.1. 


(i) Group I cations To the solution add an excess of dilute HCI. If there is no 
change, follow (iia). A white precipitate may contain Pb?*, Hg,?* or Ag+ 
Filter, wash and add NH, solution. If the precipitate 


does not change: Pb?* present 
turns black: Hg? * present 
dissolves: Ag* present 


*Vogel’s Textbook of Macro and Semimicro Qualitative Inorganic Analysis (Sth edn). Revised by 
G. Svehla. Longman 1979, p. 395 et seq. 
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(iia) Group IJA cations To the acidified solution add H,S in PES If thers ime 
change, follow (iii). A precipitate may result if Pb? +, Hg? +, Bi , Cu „C , 
As? +, As**, Sb**, Sn?* or Sn** were originally present. Filter the precipitate, 
wash with dilute HC1, and add an excess of (NH,)2S „ . If the precipitate dis- 
solves, follow (iib). If the remaining precipitate is 


yellow: Cd?* present 


Otherwise take a fresh sample and add dilute H,SO,. If a white precipitate 
occurs: 


Pb?* present 


If there is no precipitate, take a fresh sample and add dilute NaOH. If the precipi- 
tate is 


blue: Cu?* present 
yellow: Hg?* present 
white: 


Bi3* present 


(iib) Group IIB cations To the filtrate add dilute HC] in excess, 


when the precipi- 
tate reappears. Examine its colour: 


brown precipitate: Sn?* present 


An orange precipitate indicates Sb. To identify its oxidation state, take a fresh 
sample, acidify with 1:1 HCI and add KI: 


no colouration: 


Sb3* present 
brown colouration: 


Sb5* present 


A yellow precipitate indicates As or Sn**. Add (NH,),CO, in excess. If the 
precipitate 


remains undissolved: 


To identify the oxidation state of As present in the solution, take a fresh sample, 
acidify with 1:1 HCI and add KI: 


no colouration: 
brown colouration: 


Sn** present 


As3* present 
As5* present 


(iii) Group IM cations Neutrali: 


5 ze the solution with NH, and add (NH,),S in 
excess. If there is no change, fol 


low (iv). Examine the precipitate. 
A green precipitate indicates Cr3+ 


green precipitate which 
dissolves in an 
excess of the reagent: 


- To a fresh sample, add NaOH: 


Cr3* present 

A pink (flesh-like) precipitate indicates Mn2+ 
white precipitate, which 
turns darker on standing: 


. To a fresh sample, add NaOH: 


Mn?* present 
A white precipitate may be caused by Al?* or Zn2*. Toa fresh sample add NH,, 
first in moderate amounts, then in excess: 


228 


SELECTED TESTS AND SEPARATIONS V3 


white precipitate, which 

dissolves in excess NH,: Zn?* present 
white precipitate, which remains 

unchanged if excess NH, is added: Al3* present 


A black precipitate occurs if Co?*, Ni?*, Fe? * or Fe3+ were present originally. 
Filter, wash and mix the precipitate with 1:1 HCl. The precipitate dissolves if 
Fe?* or Fe3* were present, otherwise it remains unchanged. 

To a fresh sample add NaOH in excess: 


green precipitate, turning 


dark on standing: Fe?* present 
dark brown precipitate: Fe3* present 
blue precipitate, turning pink 

if excess NaOH is added: Co?* present 
green precipitate, which remains 

unchanged on standing: Ni?* present 


(iv) Group IV cations To the solution add (NH,).CO, in excess. If there is no 
precipitation, follow (v). A white precipitate indicates the presence of Ba? +, Sr? + 
or Ca? + 


To a fresh sample add a four fold (in volume) of saturated CaSO, solution: 


immediate white precipitate: Ba?* present 
a white precipitate is slowly 

formed: Sr? * present 
no precipitation occurs: Ca?* present 


These cations may be identified also by their flame colourations (see Table II.1). 


(v) Group V Cations To the solution add Na,HPO, in excess: 
white precipitate: Mg?* present 
Heat a fresh sample gently with some dilute NaOH: 


characteristic odour 
of ammonia: NH § present 


(See also Section V.3 (i). for the best experimental arrangements.) 


Carry out a flame test with the original sample (see. Table II.1): 


yellow cu.ouration: Na+ present 
pale violet colouration: K+ present 


V.3 SEPARATION AND IDENTIFICATION OF CATIONS IN MIXTURES 
The separation scheme outlined below was first described by R. Fresenius in 
1841, though in the course of time modifications were introduced. Before at- 
tempting such a task, it is necessary to test for ammonium ions in the original 
Sample. During the course of analysis most of the group reagents are added in the 
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form of ammonium compounds, thus by the time Group V is reached, a con- 
siderable amount of ammonium ions will be built up in the test solution. 


(i) Testing for ammonium ions Take Iml test solution (or 0-1 g solid material), 
and boil it gently with an excess of 2M sodium hydroxide solution. The evolution 
of ammonia can be detected by its odour and its action upon red litmus paper. 
Great care must be taken when heating the mixture because of the destructive 
effects of hot alkalies upon the eyes and skin. It is best to use the apparatus shown 
in Fig. V.1. The test paper is supported on the end of the wide glass tube. If 
ammonia is present, the litmus paper should show a gradual development of blue 
colour from the bottom upwards, and should eventually become uniform in 
colour; scattered blue spots indicate that droplets of the alkaline solution have 
come into contact with the paper. The spray may be tapped, if desired, by 4 
loosely fitting plug of cotton wool inserted in the upper part of the test tube. 


Fig. V.1 


(ii) Separation of the catio i 
lined in Tables V.1. to Tyee aes 


be done by following the procedure oui 
by further tests. 


-10. Itis important to verify the presence of a given cation 


Table V.1. Separ: tons { 

silicates, and Aaa Dram into groups (Anions of organic acids, borates, fluorides, 
If a ppt. forms, continue EEn t). Add a few drops of dilute HCI to the cold solution. 
Filter. ue adding dilute HCI until no further precipitation takes place- 
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Residue Filtrate 

White. Add 1 ml of 3% H,O, solution. Adjust the HCI concentration to 0-3 M. Heat nearly to 
Group! boiling, and saturate with H,S under ‘pressure’. Filter. 

present. 
Examine Residue Filtrate 


by Group Coloured. Boil down in a porcelain dish to about 10 ml and thus ensure that all 

Separation Group II H,S has been removed (test with lead acetate paper). Add 3-4 ml 

Table V.2. present. concentrated HNO; to oxidize any Fe** to Fe>* etc. and evaporate 
cautiously to dryness; moisten with 2-3 ml concentrated HNO, and 
heat gently: this will remove organic acids. 


Separation If borate and fluroide are present evaporate the residue 

Tables repeatedly with 5-10 ml concentrated HCI. 

V.3- If borate is present and fluoride is absent, treat the residue with 

VeA 5 ml methanol and 10 ml concentrated HCI and evaporate on a water 
bath. 


Add about’15 ml dilute HCl, warm and filter from any residue 
originating from any silicate present. 

Test 0:5 ml of the filtrate (or solution, if silicate is absent) for 
phosphate with 3 ml ammonium molybdate reagent and a few drops 
of concentrated HNO;, and warm to about 40°C: a yellow ppt. 
indicates phosphate is present. If phosphate is present remove all 
phosphate ions as detailed in Table V.6. 

If phosphate is absent, add 1-2 g solid NH,Cl, heat to boiling, add 
dilute NH, solution until mixture is alkaline and then | ml in excess, 
boil for | minute and filter immediately. 


Residue Filtrate 


Group IIIA Add 2-3 ml of dilute aqueous NH}, heat, pass H,S 


present. (under ‘pressure’) for 0-5-1 minute, filter and wash. 
Examine 

by Group 

Separation Residue Filtrate 

Table V.7. 


GroupIIIB Transfer to a porcelain dish and acidify 
present. with dilute acetic acid. Evaporate toa 
Examine pasty mass (FUME CUPBOARD), 

by Group allow to coo!, add 3-4 ml concentrated 

Separation HNO; so as to wash the solid round the 

Table V.8 walls to the centre of the dish, and heat 
cautiously until the mixture is dry. Then 
heat more strongly until all ammonium 
salts are volatilized. Cool. Add 3 ml 
dilute HCI and 10 ml water: warm and 
stir to dissolve the salts. Filter, if 
necessary. Add 0:25 g solid NH,Cl (or 
2:5 ml of 20% NH,Cl solution), render 
alkaline with concentrated NH, solution 
and then add, with stirring, (NH,),CO, 
solution in slight excess. Keep and stir 
the solution in a water bath at 50-60°C 
for 3-5 minutes. Filter and wash with a 
little hot water. 


Residue Filtrate 


White. Evaporate to a pasty mass 
GroupIV ina porcelain dish (FUME 
present. CUPBOARD), add 3 m] 
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Table V.1. Separation of cations into groups (contd.) 


Residue Filtrate 


Examine concentrated HNO, so as 
by Group to wash solid from walls to 
Separation centre of dish, evaporate 
Table V.9 cautiously to dryness and 

then heat until white fumes 
of ammonium salts cease to 
be evolved. White residue. 
Group V present. 
Examine by Group 
Separation Table V.10. 


Table V.2. Separation and identification of Group I cations (silver group) The ppt. may 
contain PbCl,, AgCI, and Hg,Cl,. Wash the ppt. on the filter first with 2 ml of 2m HCl, 
then 2-3 times with | ml portions of cold water and reject the washings with water. Transfer 
the ppt. to a small beaker or to a boiling tube, and boil with 5-10 ml water. Filter hot. 


Residue Filtrate 


May contain Hg,Cl, and AgCl. Wash the ppt. several 


May contain PbCl;. 
times with hot water until the washin 


gs give no ppt. Cool a portion of the solution: a 
with K,CrO, solution: this ensures the complete white crystalline ppt. of PbCl, is 
removal of the Pb. obtained if Pb is present in any 

Pour 3-4 ml warm dilute NH; solution over the quantity. 

ppt. and collect the filtrate, Divide the filtrate into 3 parts: 

(i) Add K,CrO, solution. Yellow 

ppt. of PbCrO,, insoluble in dilute 

Residue Filtrate acetic acid. 

(ii) Add KI solution. Yellow ppt. of 
If black, consists of May contain Pbl,. soluble in boiling water to a 
Hg(NH.)Cl+Hg. [Ag(NH;),]*. colourless solution, which deposits 


Hg3* present. Divide into 3 parts: brilliant yellow crystals upon cooling. 


(i) Acidify with dilute (iii) Add dilute H,SO,. White ppt. 
HNO). White ppt. of of PbSO,, soluble in ammonium 
AgCl. acetate solution. 

(ii) Add a few drops of Pb present. 

KI solution. Pale-yellow 
ppt. of Agl. 

Ag present 


Table V.3. Separation of Group II into Group ITA and Group IIB The ppt. may consist of 
the sulphides of the Grou: 


p IIA metals (HgS, PbS, Bi,S,, CuS, CdS) and those of Group 
IIB (As,S,, Sb,S,, Sb,S,, SnS, SnS,). Wash the precipitated sulphides with a little M 
NH,Cl solution that has been saturated with H,S (the latter to prevent conversion of CuS 
into Cuso, by atmospheric oxidation), transfer to a porcelain dish, add about 5 ml yellow 
ammonium polysulphide solution, heat 


X z to 50-60°C, and maintain at this temperature for 
3—4 minutes with constant Stirring. Filter. 
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Residue Filtrate 

May contain HgS, PbS, Bi,S,, CuS, and CdS. May contain solutions of the thio-salts 
Wash once or twice with small volumes of (NH,4)3AsS,. (NH,)2SbS,. and (NH4)2SnS3. 

dilute (1: 100) ammonium sulphide solution, Just acidify by adding concentrated HC] 

then with 2% NH,NO; solution and reject all dropwise (test with litmus paper), and warm 

washings. gently. 


Group IIA present. 
Follow Table V.4. 


A yellow or orange ppt., which may 
contain As,S,,Sb,S,, and SnS,, indicates 
Group IIB present. 

Follow Table V.S. 


Table V.4. Separation of Group IJA cations The ppt. may contain HgS, PbS, Bi,S,, 
CuS and CdS. Transfer to a beaker or porcelain basin, add 5-10 ml dilute HNO}, boil 
gently for 2-3 minutes, filter and wash with a little water. 


Residue 


Black. HgS. 

Dissolve in 
a mixture of 
of m NaOCl 
solution and 
0-5 ml of dilute 
HCl. Add | ml 
dilute HCl, 
boil off excess 
Cl, and cool. 
Add SnCl, 
solution. 

White ppt. 
turning grey or 
black. 

Hg?* 
present. 


Filtrate 


May contain nitrates of Pb, Bi, Cu, and Cd. Test a small portion for Pb by 
adding dilute H,SO, and alcohol. A white ppt. of PbSO, indicates Pb 
present. If Pb present, add dilute HSO, to the remainder of the solution, 
concentrate in the fume cupboard until white fumes (from the dissociation of 
the H,SO,) appear. Cool, add 10 ml of water, stir, allow to stand 2-3 
minutes, filter and wash with a little water. 


Residue 


White: PbSO,. 


Pour 2 ml of 
10% 
ammonium 
icetate 
through the 
filter several 
times, add to 
the filtrate a 
few drops of 
dilute acetic 
acid and then 
K,CrO, 
solution. 
Yellow ppt. of 
PbCrO,. 

Pb present 


Filtrate 


May contain nitrates and sulphates of Bi, Cu and Cd. 
Add concentrated NH; solution until solution is distinctly 
alkaline. Filter. 


Residue Filtrate 
White: may be May contain [Cu(NH;),]** and 
Bi(OH);. Wash. [Cd(NH;).]?*. 
Dissolve in the If deep blue in colour, Cu is 
minimum present in quantity. Confirm Cu by 
volume of dilute acidifying a portion of the filtrate 
HCI and pour with dilute acetic acid and add 
into cold sodium K,[Fe(CN),] solution. 
tetrahydroxo- Reddish-brown ppt. 
stannate(II). Cu present. 

Black ppt. 

Bi present. 


To the remainder of the filtrate, 
add KCN solution dropwise until 
colour is discharged, and add a 
further ml in excess. Pass H,S for 
20-30 seconds. 

Yellow ppt.. sometimes 
discoloured, of CdS. 

Cd present. 

Filter off ppt. and dissolve a 

portion of it in 1 ml dilute HCI: 


Alternatively, 
dissolve a little of 
ppt. in 2-3 drops 
dilute HNO. 
Place | drop of 
this solution 
upon filter paper 
moistened with 
cinchonine-KI 


Soa boil to expel H,S and most of the 
Toi acid and apply the ‘cadion-2B' test 
Bi present, on | drop of the solution. A pink 


spot confirms Cd. 
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. ration of Group IIB cations Treat the yellow ammonium polysulphide 
Lee ot fee croup II ppt. (see Table V.3) with dilute HCl, with constant stirring, until it 
is slightly acid (test with litmus paper), warm and shake or stir for 1-2 minutes. A fine 
white or yellow ppt. is sulphur only. A yellow or orange flocculant ppt. indicates As, Sb, 
and/or Sn present. Filter and wash the ppt, which may contain As, S,, As,S,,Sb,S, and S, 
with a little H,S water; reject the washings. í 
Trar..fer the ppt. to a small conical flask, add 5-10 ml concentrated HC! and boil gently 
for 5 minutes (with funnel in mouth of flask). Dilute with 2-3 ml water, pass H,S for 
1 minute to reprecipitate small amounts of arsenic that may have dissolved, and filter (3). 


Residue Filtrate 


May contain As,S;, As,S, and S 
(yellow). 

Dissolve the ppt. in 3-4 ml warm 
dilute NH; solution, filter (if 
necessary), add 3-4 ml 3% H,0, 
solution and warm for a few minutes 
to oxidize arsenite to arsenate. Add a 
few ml of the Mg(NO,), reagent. 
Stir and allow'to stand. White, 


May contain Sb?* and Sn**. Boil to expel H,S, and 
divide the cold solution into four parts. 

(i) Render just alkaline with dilute NH, solution, 
disregard any slight ppt., add 1-2 g solid oxalic acid, 
boil, and pass H,S for c. 1 minute into the hot filtrate. 

Orange ppt. of Sb,S,. 

Sb present. 


(ii) To 2 drops of the solution on a spot plate, add a 


minute crystal of NaNO, and then 2 drops of 
crystalline ppt. of Mg(NH,)AsO, Rhodamine-B reagent. 
6H,0. Violet solution or ppt. 
As present Sb present. 


Filter off ppt., and pour 1 ml of (iii) Partially neutralize the liquid, add 10 cm clean 
AgNO, solution containing 6-7 iron wire to 1 ml of the solution. (If much Sb is present. 
drops of 2m acetic acid on to residue it is better to reduce with Mg powder.) Warm gently to 
on filter. Brownish-red residue of reduce the tin to the divalent state, and filter into a 
Ag; AsO,. solution of HgCl,. 


White ppt. of Hg,Cl, or grey ppt. of Hg. 
Sn present. 


Table V.6. Removal of phosphate Ifa Phosphate has been found (cf. Table V.1), pro- 
ceed as follows. Dissolve the ppt. produced by the action of NH,Cl anda slight excess of 
NH; solution in the minimum volume of dilute HCI. [The ppt. may contain Fe(OH);, 
A1(OH),, Cr(OH),, MnO,.xH,0, traces of CaF,, and the phosphates of Mg and the 
Group IIIA, IIIB, and IV metals.] Test about 0-5 mi for Fe by the addition of K,[Fe(CN).] 
or NH,SCN solution. To the main volume of the cold solution, add dilute NH, solution 
dropwise, with stirring, until either a faint permanent precipitate is just obtained or until 


the solutionis just alkaline test with litm sat F icacid (1:1 
and 5ml 10M ammoniu: : itmus paper). Then add 2-3 ml dilute acetic acid (1:1) 


234 


SELECTED TESTS AND SEPARATIONS V.3 


Residue 


May contain the phosphates (and, possibly, the basic 
acetates) of Fe, Al, and Cr and also Fe(OH);. 
Group IIIA present. 
Rinse the ppt. into a porcelain dish by means of 

10 ml cold water, add 1-1-5 g sodium peroxoborate, 
NaBO,.4H,0 (or add 5 ml NaOH solution, followed 
by 5 ml 3% H,0, solution), and boil gently until the 
evolution of O, ceases (2-3 minutes). Filter and wash 


Filtrate 


Boil down in an evaporating dish to 
20-25 ml. Add 0:5 g NH,Cl and 
then dilute NH, solution in slight 
excess. Filter, if necessary. 


Residue Filtrate 


Examine for Al Examine for 


with a little hot water. and Cr, if not Groups IIIB, IV 
previously and for Mg as 
Residue Filtrate tested for. detailed in 
In general, no Table V.8, and 
FePO{ May contain [Al(OH),]~ and ppt. will be v9. 
Fe(Ol1);. CrO: obtained here. 
Reject. Examine for Al and Cr as ' 


described in Group Separation Table 


Wetk 


Table V.7. Separation of Group IIIA cations The ppt. produced by adding NH,Cl and 
NH, solution and boiling may contain Fe(OH), Cr(OH), Al(OH)3, and a little 
MnO,.xH,0. Wash with a little hot 1 per cent NH,CI solution. Transfer the ppt. with 
the aid of 5-10 ml water to a small evaporatir , basin or a small beaker, add 1-1-5 g sodium 
peroxoborate, NaBO,.4H,O (or add 5 ml NaOH solution, followed by 5 ml 3% H,O, 
solution). Boil gently until the evolution of O, ceases (2-3 minutes). Filter. 


Filtrate 


May contain Fe(OH), and MnO,.xH,0. 
Wash with a little hot water. 

Dissolve a small portion of the ppt. 
in 1 ml of 1:1 HNO, with the aid (if 
necessary) of 3-4 drops of 3% H,0, 
solution or | drop of saturated H,SO, 
solution. Boil (to decompose H203), 
cool thoroughly, add 0-05-01 g 
sodium bismuthate, shake, and allow 
the solid to settle. 

Violet solution of MnO;. 

Mn present. 

Dissolve another portion of the ppt. 
in dilute HCI (filter, if necessary). 

Either — add a few drops of KSCN 
solution. 

Deep red colouration. 

Fe present. 
Or — add K,[Fe(CN),] solution. 
Blue ppt. 

Fe present. 

The original solution or substance 
should be tested with K,[Fe(CN).] 
and with KSCN to determine whether 
Fett or Fe?*. 


May contain CrO3~ (yellow) and [Al(OH),]~ 
(colourless). 

If colourless, Cr is absent and need not be 
considered further. 

If the solution is yellow, Cr is indicated. 

Divide the liquid into three portions. 

(i) Acidify with acetic acid and add lead acetate 
solution. 

Yellow ppt. of PbCrO,. 

Cr present. 

(ii) Acidify 2 ml with dilute HNO,, cool 
thoroughly, add | ml amyl alcohol, and 4 drops of 
3% H,0; solution, Shake well and allow the two 
layers to separate. 

Blue upper layer (containing chromium pentoxide; 
it does not keep well). 

Cr present. 

(iii) Acidify with dilute HCI (test with litmus 
paper), then add dilute NH, solution until just 
alkaline. Heat to boiling. Filter. 

White gelatinous ppt. of Al(OH),. 

Al present. 

Dissolve a small portion of the ppt. in 1 ml hot 
dilute HCI. Cool, add 1 ml 10M ammonium acetate 
solution and 0:5 ml of the ‘aluminon’ reagent. Stir 
the solution and render basic with ammonium 
carbonate solution. A red ppt. confirms the presence 
of Al. 
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Table V.8. Separation of Group IIIB cations The ppt. may contain CoS, NiS, MnS and 
ZnS. Wash well with 1 per cent NH,CI solution to which 1 per cent by volume of (NH,)2S 
has been added; reject the washings. Transfer the ppt. toa small beaker. Add 5 ml water and 
5 ml 2m HCI, stir well, allow to stand for 2-3 minutes and filter. 


Residue 


Filtrate 


If black, may contain CoS and NiS. 
Test residue with borax bead. If blue, 
Co is indicated. 

Dissolve the ppt. in a mixture of 
1:5 ml m NaOCl solution and 0-5 ml 
dilute HCI. Add 1 ml dilute HCI, and 
boil until all Cl, is expelled. Cool and 
dilute to about 4 ml. , 

Divide the solution into two equal 
parts. 

(i) Add 1 ml amyl alcohol, 2 g solid 
NH,SCN and shake well. Amyl 
alcohol layer coloured blue. 

Co present. 

(ii) Add 2 ml NH, CI solution, NH, 
solution until alkaline, and then excess 
of dimethylglyoxime reagent. 

Red ppt. 

Ni present. 


May contain Mn?* and Zn?* and, possibly, traces of 
Co?* and Ni?*. Boil until H,S removed (test with 
lead acetate paper), cool, add excess NaOH solution, 
followed by 1 ml 3% H,O, solution. Boil for 


3 minutes. Filter. 


Residue 


Filtrate 


Largely MnO,.xH,O 
and perhaps traces of 
Ni(OH), and Co(OH), 
Dissolve the ppt. in 
5 ml of 1:1 HNO}. 
with the addition of a 
few drops of 3% H,0, 
solution, if necessary. 
Boil to decompose excess 
H,0, and cool. Add 
0-05 g NaBiO,, stir and 
allow to settle. Purple 
solution of MnO}. 

Mn present. 


May contain 
[Zn(OH),]?~ 

Divide into two 
parts. 

(i) Acidify with 
acetic acid and pass 
H,S. White ppt. of 
ZnS. 

Zn present. 

(ii) Just acidify with 
dilute H,SO,, add 
0-5 ml of 0:1m cobalt 
acetate solution and 
0:5 ml of the 
ammonium tetrathio- 
cyanatomercurate(II) 
reagent: stir. 

Pale-blue ppt. 

Zn present. 


Table V.9. Separation of Grou 


z p IV cations The ppt. may contain BaCo,, SrCO, and 
CaCO,. Wash with a little hot w 


2M acetic acid by pouring the aci 
by adding K,CrO, solution dr 
dicates Ba. 


Ba present. Heat the ri 


ater and reject the washings. Dissolve the ppt. in 5 ml hot 
d repeatedly through the filter paper. Test 1 ml for barium 
Opwise to the nearly boiling solution. A yellow ppt. in- 


emainder of the solution almost to boilin and add a slight excess 
of K,CrO, solution (Le. $ ‘ 


complete). Filter and wash 
washings basic with NH, 
solid Na,CO,. A white p 


(solution A), 
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until the solution assume: 


) pt. indicates the 
with hot water, and dissolve it in 4 ml 


s a yellow colour and precipitation is 
the ppt. (C) with a little hot water. Render the hot filtrate and 
solution and add excess (NH,),CO, solution or, better, a little 

presence of SrCO, and/or CaCO,. Wash the ppt. 
warm 2M acetic acid: boil to remove excess CO, 
Ba absent. Discard the portion used in testing for barium, a remainder of 
the solution (B), after boiling for 1 minute to expel CO,, to arta and calcium. 
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Residue (C) 


Solution A or Solution B 


Yellow: BaCrO,. 

Wash well with hot 
water. Dissolve the 
ppt. ina little 
concentrated HCl, 
evaporate almost to 
dryness and apply 
the flame test. 

Green (or yellowish- 
green) flame. 

Ba present. 

(Use spectroscope, 
if available.) 


The volume should be about 4 ml. 


Either - To 2 ml of the cold solution, add 2 ml saturated 
(NH4)2SO, solution, followed by 0-2 g sodium thiosulphate, heat in 
a beaker of boiling water for 5 minutes and allow to stand for 1-2 


minutes. Filter. 


Or - To 2 ml of the solution add 2 ml triethanolamine, 2 ml 
saturated (NH,4),SO, solution, heat on a boiling water bath with 
continuous stirring for 5 minutes and allow to stand for 1-2 minutes. 
Dilute with an equal volume of water and filter. 


Residue 


Filtrate 


Largely SrSO,. Wash with a 
little water. Transfer ppt. and 
filter paper to a small crucible, 
heat until ppt. has charred (or 
burn filter paper and ppt., held 
in a Pt wire, over a crucible), 
moisten ash with a few drops 
concentrated HCI and apply the 


May contain Ca complex. 

(If Sr is absent, use 2 ml of, 
solution A or B.) Add a little 
(NH,)2C20, solution, 2 ml 
2m CH,COOH and warm ona 
water bath. 

White ppt. of CaC,0,. 

Ca present. 


flame test. 
Crimson flame. 
Sr present. 
(Use spectroscope, if 
available.) 


Confirm by flame test on 
ppt. — brick-red flame. 

(Use spectroscope, if 
available.) 


Table V.10. Identification of Group V cations Treat the dry residue from Group IV with 


4 ml water, stir, warm for 1 minute and filter. 


If the residue dissolves completely (or almost completely) in water, dilute the resulting 
solution (after filtration, if necessary) to about 6 ml and divide it into three approximately 
equal parts: (i) Use the major portion to test for Mg with the prepared ‘oxine’ solution: 


confirm Mg by applying the ‘mageson’ test to 3 
for Na and K, respectively, as described below. 


—4 drops of the solution; (ii) and (iii) Test 


Residue 


Filtrate 


Dissolve in a few drops of dilute HCI and add 
2-3 ml water. Divide the solution into two 
unequal parts. 

(i) Larger portion: Treat 1 ml 2 per cent 
oxine solution in 2M acetic acid with 5 ml 2M 
ammonia solution and, if necessary, warm to 
dissolve any precipitated oxine. Add a little 
NH, Cl solution to the test solution, followed by 
the ammoniacal oxine reagent, and heat to 
boiling point for 1-2 minutes (the odour of NH, 
should be discernible). 

Pale yellow ppt. of Mg ‘oxinate’. 

Mg present. 

(ii) Smaller portion: To 3-4 drops, add 2 drops 
of the ‘magneson’ reagent, followed by several 
drops of NaOH solution until alkaline. A blue 


ppt. confirms Mg. 


Divide into two parts (a) and (b). 

(a) Add a little uranyl magnesium 
acetate reagent, shake and allow to stand 
for a few minutes. 

Yellow crystalline ppt. 

Na present. 

Confirm by flame test: persistent yellow 
flame. 

(b) Add a little sodium hexanitrito- 
cobaltate(II1) solution (or c. 4 mg of the 
solid) and a few drops of dilute acetic acid. 
Stir and, if necessary, allow to stand for 
1-2 minutes. 

Yellow ppt. of K;[Co(NO,),]. 

K present. 

Confirm by flame test and view through 
two thicknesses of cobalt glass: red 
colouration (usually transient). 
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V.4 SPECIAL TESTS FOR MIXTURES OF ANIONS Itis not possible to 
devise a comprehensive separation scheme for anions; however, it is possible to 
detect them individually in most cases, after perhaps a 1-2 stage separation. It is 
advantageous to remove all heavy metals from the sample by extracting the anions 


through boiling with sodium carbonate solution; heavy metalionsare precipitated 


out in the form of carbonates, while the anions remain in solution accompanied by 
sodium ions. 


(i) Prepar: 


ation of theSodaextract Intimately mix the solid sample with 3—4 times 
(in volu: 


me) of anhydrous sodium carbonate, add just sufficient water to dissolve 
the sodium carbonate. In the case of dissolved samples, add 5 g anhydrous sodium 
carbonateto 10 mlsolution. Heat themixture underreflux for 15minutesand filter. 
Wash and discard the residue. Acidify the combined filtrate and washings gently 
with nitric acid, boil gently to expel carbon dioxide and allow to cool. Add dilute 
ammonia solution portionwise and with stirring, until the solution just turns 
alkaline. Boil gently for 1-2 minutes to remove excess ammonia. Cool, and filter 
again if necessary. The filtrate will be termed here as the ‘neutralized soda extract’. 


(ii) Selectedtests These are listed in order of. increasing complexity; itis advisable 
to do them in the order they are described. 


1. Carbonate in the presence of sulphite Sulphites, on treatment with dilute 


Presence of sulphites, treat the solid mixture with dilute sulphuric acid and pass 
the evolved gases through a small wash-b. i ini 


sium dichromate solu 


2. Nitrate in the presence of nitrit 


i 
Presence of a nitrate by treatment 
and starch paste ( 


however, be detecte: 
ring test with iron(I 
therefore com 
solution. 


e The nitrite is readily identified in the 
with dilute mineral acid, potassium iodide, 
or potassium iodide-starch paper). The nitrate cannot, 
d in the presence of a nitrite since the latter gives the brown 


I) sulphate solution and dilute sulphuric acid. The nitrite is 
pletely decomposed first by adding some sulphamic acid to the 


The nitrate can then be tested for by the brown Ting test. 


3. Nitrate in the presence of bromide and iodide The brown rin g test for nitrates 
cannot be applied in the Presence of bromides and iodides since the liberation 
of the free halogen with concentrated sulphuric acid will obscure the brown 
ring due to the nitrate. The solution is therefore boiled with sodium hydroxide 
solution until ammonium Salts, if Present, are completely decomposed; 
powdered Devarda’s alloy or aluminium Powder (or wire) is then added and the 
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solution gently warmed. The evolution of ammonia, detected by its smell and 
its action upon red litmus paper, indicates the presence of a nitrate. 


4. Nitrate in the presence of chlorate The chlorate obscures the brown ring 
test. The nitrate is reduced to ammonia as described under 3; the chlorate is at 
the same time reduced to chloride, which may be tested for with silver nitrate 
solution and dilute nitric acid. 

If a chloride is originally present, it may be removed first by the addition of 
silver sulphate solution or ammoniacal silver sulphate solution. 


5. Chloride in the presence of bromide and[or iodide This procedure involves the 
removal of the bromide and iodide (but not chloride) by oxidation with potas- 
sium or ammonium peroxodisulphate in the presence of dilute sulphuric acid. 
The free halogens are thus liberated, and may be removed either by simple 
evaporation (addition of water may be necessary to maintain the original voi- 
ume) or by evaporation at about 80°C iu a stream of air. 

It must be emphasized that these reactions take place only in acid media. Add 
solid potassium peroxodisulphate and dilute sulphuric acid to the neutralized 
soda extract of the mixed halides contained in a conical flask; heat the flask to 
about 80°, and aspirate a current of air through the solution with the aid ofa filter 
pump until the solution is colourless (Fig. V.2. T is a drawn out capillary tube). 


To pump 


Fig.V.2 


Add more potassium peroxodisulphate or water as may be found necessary. Test 
the residual colourless liquid for chloride with silver nitrate solution and dilute 
nitric acid. 

Do not mistake precipitated silver sulphate for silver chloride. In a modifi- 
cation of this method, lead dioxide is substituted for potassium peroxodisulphate. 
Acidify the solution with acetic acid, add lead dioxide, and boil the mixture 
until bromine and iodine are no longer evolved. Filter, and test the filtrate, 
which should be colourless, with silver nitrate solution and dilute nitric acid. 


6. Chloride in the presence of bromide Warm the solid mixture with a little 
Potassium dichromate and concentrated sulphuric acid in a small distilling 


239 


v.4 QUALITATIVE INORGANIC ANALYSIS 


i in chromyl chloride, into 
ig. V.1), and pass the vapours, which contain c 
a E sation Test for chromate, which proves the presence of a 


chloride, with hydrogen peroxide and amyl alcohol or with the diphenyl- 
carbazide reagent. 


ide i iodi ilver nitrate solution to the 
- Chloride in the presence of iodide _Add excess si tio I 
fe soda extract and filter;-reject the filtrate. Wash the precipitate with 
dilute ammonia solution and filter again. Add dilute nitric acid to the washings; a 
white precipitate of silver chloride indicates the presence of chloride. 


-2 drops of 
y carefully acidifying a dilute solution of 
chloric acid may also be used) and 2-3 ml 
chloroform or carbon tetrachloride; shake; a violet colour indicates iodide. 


bromine monochloride, BrCl), will be obtained if a bromide is present. If iodide 
alone is present, the solution will be colourless after the violet colour has 
disappeared. 


9. Chloride, chlorate, 


and perchlorate in the presence of each other 
must be tested for se 


Pparately. Divide the soda extract into 3 parts. 
a. Chloride Acidify with dilute nitric acid and boil to expel carbon dioxide. 
Add silver nitrate solution; a white Precipitate of silver chloride indicates the 
presence of chloride. Silyer chlorate and perchlorate are soluble in water, 


Each anion 


b. Chlorate Acidify with dilute nitric acid and add excess silver nitrate solution; 
filter off the Precipitated silver chloride. Now introduce a little chloride-free 
Sodium nitrite (which reduces the chl ide) and more silver nitrate 
Solution into the filtrate: » curdy precipitate of silver chloride indicates 
the presence of chlorate. 


c. Perchlorate Pass excess sul 
chlorate to chloride, boil off th 
chloride with silver sulphate so 


phur dioxide into the solution to reduce 
e excess sul 


10. Todate and iodide in the presence of each other The addition of dilute acid 
to a mixture of iodate and iodide results in the separation of free iodine, due to 
the interaction between these ions: 


10; +517 +6H* > 31,43H,0 
240 


SELECTED TESTS AND SEPARATIONS V.4 


Neither iodates nor iodides alone do this when acidified with dilute hydrochloric, 
sulphuric or acetic acids in the cold. 

Test for iodide in the neutralized soda extract or in a solution of the sodium 
salts by the addition of a few drops of chlorine water (or acidified sodium 
hypochlorite solution) and 2-3 ml chloroform or carbon tetrachloride; the 
latter is coloured violet. Add excess silver sulphate solution to another portion 
of the neutral solution and filter off the silver iodide; remove the excess silver 
sulphate with sodium carbonate solution. Pass sulphur dioxide into the filtrate 
to reduce iodate to iodide, boil off the excess sulphur dioxide, and add silver 
nitrate solution and dilute nitric acid. A yellow precipitate of silver iodide 
confirms the presence of iodate in the original substance. 


11. Phosphate in the presence of arsenate Both arsenate and phosphate give a 
yellow precipitate on warming with ammonium molybdate solution and nitric 
acid, the latter on gently warming and the former on boiling. 

Acidify the soda extract with dilute hydrochloric acid, bubble through sulphur 
dioxide to reduce the arsenate to arsenite, boil off the excess sulphur dioxide 
(test with potassium dichromate paper), and pass hydrogen sulphide into the 
solution to precipitate the arsenic as arsenic(III) sulphide; continue the passage 
of hydrogen sulphide until no more precipitate forms. Filter, boil off the hydro- 
gen sulphide, and test the filtrate for phosphate by the ammonium molybdate 
test or with the magnesium nitrate reagent. 


12. Phosphate, arsenate, and arsenite in the presence of each other Treat the 
soda extract with dilute sulphuric acid until acidic, warm to expel carbon 
dioxide, render just alkaline with dilute ammonia solution and filter, if necessary. 
Add a few millilitres of the magnesium nitrate reagent and allow to stand for 
5-10 minutes; shake or stir from time to time. Filter off the white, crystalline 
precipitate of magnesium ammonium phosphate and/or magnesium ammonium 
arsenate(A), and keep the filtrate (B). Test for arsenite in the filtrate (B) by 
acidifying with dilute hydrochloric acid and passing hydrogen sulphide, when 
a yellow precipitate of arsenic(III) sulphide is immediately produced if arsenite 
is present. 

Wash the precipitate (A) with 2M ammonia solution, and remove half of it to 
a small beaker with the aid of a clean spatula. Treat the residue on the filter with 
a little silver nitrate solution containing a few drops of dilute acetic acid: a 
brownish-red residue (due to Ag,AsO,) indicates arsenate present. If the residue 
is yellow (largely Ag3PO,), pour 6m hydrochloric acid through the filter a 
number of times, and add a little potassium iodide solution and 1-2 ml chioro- 
form or carbon tetrachloride to the extract and shake; if the organic layer 
acquires a purple colour, an‘arsenate is present. 

Dissolve the white precipitate in the beaker in dilute hydrochloric acid, 
reduce the arsenate (if present) with sulphur dioxide precipitate the arsenic as 
arsenic(III) sulphide with hydrogen sulphide and boil off the hydrogen sulphide 
in the filtrate. Render the filtrate (C) slightly ammoniacal and add a little mag- 
nesium nitrate reagent: white, crystalline magnesium ammonium phosphate will 
be precipitated if a phosphate is present. Filter off the precipitate, wash with a 

little water, and pour a little silver nitrate solution (containing a few drops of 
dilute acetic acid) over it: yellow silver phosphate will be formed. Alternatively, 
the ammonium molybdate test may be applied to the filtrate (C) after evaporat- 
ing to a small volume. 
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ide, sulphite, thiosulphate, and sulphate in the presence of each other 
ee fae of dilute acid to the mixture, the hydrogen sulphide, liberated 
from the sulphide, and the sulphur dioxide, liberated from the sulphite an 
thiosulphate, react and sulphur is precipitated ; this complication necessitates 
the use of a special procedure for their separation (see Table V.1 1). z 
A mixture of the sodium salts or soda extract is employed for this separation. 


Table V.11. Separation of sulphide, sulphite, thiosulphate, and sulphate Shake the solu- 
tion with excess of freshly precipitated CdCO,, and filter. 


Residue Filtrate 
CdS and excess of Cdco,. Add Sr(NO,), solution in slight excess, shake, allow to stand over- 
Wash and reject washings. night and filter. 


Digest residue with dilute 
acetic acid to remove excess RES Filtrate 
carbonate. A yellow residue 

indicates sulphide. Confirm x A o 
by warming with dilute HCI SrSO, and StSO,. Wash, treat with Contains SrS,0;. 


and test the evolved HS dilute HCI and filter. Aiea ana 
with lead acetate paper. 67. Sta, WEE i 
pp Residue Filtrate apd Sis slowly 
precipitated. 
S1S0,. Contains Thiosulphate present. 
White. sulphurous acid. 
Sulphate Add a few drops 
present. of a dilute 
Confirm by solution of 
fusion with iodine; the latter 
Na,CO, and is decolourized. 
apply sodium Sulphite 
nitroprusside present. 


test. 


14. Sulphide, sulphite, and thiosulphate in the presence of each other It is 
assumed that the solution is sl 


; ightly alkaline and contains the sodium salts of 
the anions, e.g. the soda extract is used. 


(i) Test a portion of the solution for sulphide with sodium nitroprusside 
solution. The formation of a 


C purple colouration indicates the presence of a 
sulphide, 


? -5-1 ml of the fuchsin reagent. If 
zed, the presence of sulphite is indicated. 


ution with dilute hydrochloric 
tes, a thiosulphate is indicated. 


ethyl borate test for b 
that copper and bari 
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-23, reaction 2), it must be remembered 
um salts may also 
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Fig. V.3 


flame. The test may be carried out in the following way when salts of either or 
both of these metals are present. The mixture of the borate, concentrated 
sulphuric acid, and ethanol is placed in a small round-bottomed flask, fitted 
with a glass jet and surmounted by a wide glass tube, which acts as a ‘chimney’ 
(Fig. V.3). The mixture is gently warmed, and the vapours ignited at the top 
of the wide glass tube. A green flame confirms the presence of a borate. 


16. Fluoride, hexafluorosilicate, and sulphate in the presence of each other The 
following differences in solubilities of the lead salts are utilized in this separation: 
lead hexafluorosilicate is soluble in water; lead fluoride is insoluble in water but 
soluble in dilute acetic acid; lead sulphate is insoluble in water and in boiling 
dilute acetic acid, but soluble in concentrated ammonium acetate solution. (See 
Table V.12.) 


Table V.12. Detection of fluoride, hexafluorosilicate, and sulphate in the presence of each 
other Add excess lead acetate solution to the solution of the alkali metal salts, and filter 
cold. 


kaug Filtrate 

Wash well with cold water. Add Ba(NO,), solution 

Divide into two parts. and warm gently. White 
(i) Smaller portion. Add excess dilute acetic acid and boil (this crystalline precipitate 

will dissolve any lead fluoride). White residue indicates sulphate. indicates hexafluoro- 

The residue is soluble in ammonium acetate solution. silicate. 


(ii) Larger portion. Treat cautiously with concentrated sulphuric 
acid and test with a moist glass rod. Milkiness of the water and 
etching of the tube indicate fluoride. 
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17. Oxalate in the presence of fluoride Both calcium fluoride and calcium 
oxalate are precipitated by ammonium oxalate solution in the presence of dilute 
acetic acid. The fluoride may be identified in the usual manner with concentrated 
sulphuric acid. The oxalate is most simply detected by dissolving a portion of the 
precipitate in hot dilute sulphuric acid and then addinga few drops ofa very dilute 


solution of potassium permanganate. Thelatter will be decolourized ifan oxalateis 
present. 


18. Chloride and cyanide in the Presence of each other Both silver chloride and 
silver cyanide are insoluble in water, but soluble in dilute ammonia solution. 
The concentrated solution, or preferably the solid mixture of sodium salts is 
treated with about 5 times its weight of ‘100 volume’ hydrogen peroxide and the 
mixture gently warmed: ammonia is evolved, which is recognized by its action 
upon mercury(I) nitrate paper. The solution is then boiled to decompose all the 


hydrogen peroxide, and then tested for chloride with silver nitrate solution and 
dilute nitric acid. 


CN” +H,0, > OCN- +H,0; 
OCN- +2H,0 > HCO; +NH, 


19. Hexacyanoferrate(II), hexacyanoferrate( III '), and thiocyanate in the pres- 
ence of each other. Details are given in Table V.13. 

Table V.13 Separation of hexacyanoferrate(II), 
Acidify the neutralized soda extract of the sodiu 
solution of thorium nitrate and a little Gooch a: 


Residue 


hexacyanoferrate(III), and thiocyarate 
m salts with acetic acid, add excess of a 
sbestos and shake well; filter. 


Filtrate 


Th{Fe(CN),]. Wash with a little cold water. 


Add Cdso* solution, shake, filter 
Treat the ppt. on the filter paper with dilute 


NaOH solution; acidify the alkaline extract Residue Filtrate 
with dilute HCI and add a few drops of 
FeCl, solution. Orange. 


A precipitate of Prussian blue indicates 
hexacyanoferrate(II), 


Cd,[Fe(CN,],. Extract 
with NaOH solution, 
acidify extract with 
dilute HCI, add freshly 
Prepared FeSO, 
solution. Precipitate of 
Prussian blue indicates 
hexacyanoferrate(III). 


Add FeCl, solution 
and ether. Red 
colouration of ether 
Proves presence of 
thiocyanate. 


= ee te 


20. Detection of organic aci 


Procedure A Separation of 
iron(II) salts with a little dil 


Treat one portion with bari 
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ids (oxalate, tartrate, 


Boil the precipitated 
filter off the precipitated 
3 ff the excess ammonia from 


um chloride solution and filter off the precipitate 


SELECTED TESTS AND SEPARATIONS V.4 


Table V.14. Separation and detection of organic acids Add CaCl, solution to the cold 
neutralized soda extract, rub sides of vessel with a glass rod, allow to stand for 10 minutes 
with occasional shaking; filter. 


Residue Filtrate 
May be Ca oxalate (formed Add more CaCl, solution, boil under reflux for at least 
immediately) or Ca tartrate 5 minutes. A ppt. may form gradually; filter. 
(formed on standing). 
Wash. Boil with dilute acetic Residue Filtrate 
acid and filter. 
Ca citrate. If citrate present, evaporate to dryness on water 
Residue Filtrate White. bath, add a little cold water, and filter from any 
— Citrate residue of Ca citrate. 

CaC,0,. May contain present. If citrate absent, proceed with solution. 
Dissolve in Ca tartrate. Divide into Add FeCl, solution; filter (if necessary). 
alittle dilute Test neutral 2 parts. 
HCI, add solution (i)Confirm Residue Filtrate 
NH; with by Deniges’s 
solution in Fenton's test. Iron (III) Coloured. Dilute, boil and 
slight excess reagent, (ii) Dis- benzoate filter. 
White ppt. violet solve in and/or 
insoluble in colouration dilute HCl. iron(II) Residue Filtrate 
dilute acetic (see Note). convert into succinate. 
acid. or by silver neutral Separate by Basic Coloured. 

Oxalate mirror solution with procedure A. iron(II) (a) Violet 

present. test for NH, formate salicylate. 
Confirm by tartrate. solution, and basic Confirm by 
decolour- Confirm etc., and add iron(11) ‘oil of winter- 
ization of a by copper CdCl, acetate, green’ test. 
dilute hydroxide solution. Separate by (b) Deep 
solution of test. White procedure B. blue or 
acidified gelatinous greenish 
KMnO, at precipitate. black - gallate 
60-70°. or tannate, 


formed. The residue consists of barium succinate. Confirm the succinate by the 
fluorescein test. Acidify the second portion of the filtrate with dilute hydro- 
chloric acid, when benzoic acid will separate out on cooling. It can be identified 
by its melting point. 

Procedure B Formates and acetates in the presence of each other Formate. 

(a) In the absence of tartrates, citrates, and reducing agents. Add silver 
nitrate solution to the neutralized soda extract; a white precipitate, which is 
converted into a black deposit of silver on boiling, indicates formate. A little 
of the solid substance may be treated with concentrated sulphuric acid, when 
carbon monoxide (burns with blue flame) will be evolved in the cold. 

(b) In the presence of tartrates, citrates, and reducing agents. Acidify the 
mixture with dilute sulphuric acid and distil. A solution of formic and acetic 
acids will pass over. Neutralize the distillate with dilute ammonia solution, boil 
off excess ammonia (if necessary) and test as in (a). 

Acetate If other organic acids are present, obtain the solution of mixed 
acids as in (b); otherwise, use the neutralized soda extract. Boil under reflux 
with an equal volume of potassium dichromate solution and dilute sulphuric 
acid; this will decompose the formic acid. Distil off the acetic acid, neutralize 
and test with iron(II) chloride solution. 
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REACTIONS OF SOME 
CHAPTER VI LESS COMMON IONS 


VI.1 INTRODUCTION I 
restricted to those cations 


3 y tin(II) chloride, sulphurous 
ns, hydroxylamine or ascorbic acid. 


Reactions of thallium(1) ions To study these reactions a 0:025M solution of 
thallium(1) sulphate, TI,SO,, or a 0:05 solution of thallium(1) nitrate, TINO;, 
should be used. All these compounds are HIGHLY POISONOUS. 
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1. Dilute hydrochloric acid: white precipitate of thallium(I) chloride, TICI, 
sparingly soluble in cold, but more soluble in hot water (compare lead). 


2. Potassium iodide solution: yellow precipitate of thallium(I) iodide, TII, 
almost insoluble in water; it is also insoluble in cold sodium thiosulphate 
solution (difference and method of separation from lead). 


3. Potassium chromate solution: yellow precipitate of thallium(1) chromate, 
T1,CrO,, insoluble in cold, dilute nitric or sulphuric acid. 


4. Hydrogen sulphide: no precipitate in the presence of dilute mineral acid. 
Incomplete precipitation of black thallium(I) sulphide, T1,S, occurs in neutral 
or acetic acid solution. 


5. Ammonium sulphide solution: black precipitate of thallium(I) sulphide, T1,S, 
soluble in mineral acids. The precipitate is oxidized to thallium(I) sulphate, 
T1,SO,, upon exposure to air. 

Owing to the slight solubility of thallium(I) chloride, some of the thallium is 
also precipitated with Group II ions. 


6. Sodium hexanitritocobaltate (III) solution: light-red precipitate of thallium(1) 
hexanitritocobaltate(III), Tl,[Co(NO,), ]. 


7. Chloroplatinic acid solution: pale-yellow precipitate of thallium(1) 
hexachloroplatinate(IV) Tl,[PtCl,], almost insoluble in water (solubility : 
0:06 g &~' at 15°C). 


8. Potassium hexacyanoferrate(III) solution: brown precipitate of thallium(III) 
hydroxide in alkaline solution: 
TI* + 2[Fe(CN),]>- +30H~ — TI(OH) | +2[Fe(CN),]*~. 


A similar result is obtained with sodium hypochlorite, sodium hypobromite 
or hydrogen peroxide in alkaline solution. 


9. Ammonium thiocyanate solution : white precipitate of thallium(1) thiocyanate, 
TISCN;; the precipitate is dissolved in hot water. 


10. Flame test. All thallium salts exhibit a characteristic green colouration when 
introduced into the colourless Bunsen flame. When examined through the 


spectroscope only one sharp line can be seen, at 535 nm, in contrast to barium, 
which exhibits several lines between 510 and 550 nm (cf. Fig. II.5 in Section II.2). 


VL3 THALLIUM, TI (4; 204-34) - THALLIUM(III) The general physical 
and chemical properties of thallium were discussed in Section VI.2. 


Reactions of thallium( III) ions To study these reactions use a 0-2m solution of 
thallium(III) chloride, TICI. 


1. Sodium hydroxide or ammonia solution: brown precipitate of thallium(III) 
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hydroxide, insoluble in excess of the reagent (difference from thallium(1) salts, 
which give no precipitate), but readily soluble in hydrochloric acid. 


2. Hydrochloric acid: no precipitate [difference from thallium(I) salts]. 


3. Potassium chromate solution: no precipitate [difference from thallium(1) 
salts]. 


4. Potassium iodide solution: brownish-black precipitate, probably a mixture of 
thallium(1) iodide and iodine. 


5. Hydrogen sulphide: reduced to thallium(1) with the precipitation of sulphur. 
If the acid is neutralized, thallium(I) sulphide, T1,S, precipitates. 


6. Flame test See Section VI.2, reaction 10. 


VI.4 TUNGSTEN, W (4;: 183-85) - TUNGSTATE Solid tungsten is a 
white-coloured metal ; the powdered metal is grey. Its melting point is extremely 
high (3370°C). The metal is insoluble in acids, including aqua regia. To dissolve 
metallic tungsten, it should be ignited first in a stream of oxygen, and the tun gsten 
trioxide, WO3, which is formed, can then be fused with solid sodium hydroxide 
in an iron crucible. The solidified melt will then dissolve in water when tungstate 
ions, WO2-, are formed. 

Tungstates form complex acids with phosphoric, boric, and silicic acids; 
tungstic acid cannot therefore be precipitated from these compounds by hydro- 


chloric acid. The complexes may usually be decomposed by heating with con- 
centrated sulphuric acid, tungstic acid being liberated. 


Reactions of tungstate ions To study these reactions use a 0:2M aqueous 
solution of sodium tungstate Na,WO,.2H,0. 


1. Dilute hydrochloric acid: white precipitate of hydrated tungstic acid, 
H,WO,.H,0, in the cold; upon boiling the mixture, this is converted into 
yellow tungstic acid, H,WO,, insoluble in dilute acids. Similar results are 
obtained with dilute nitric and sulphuric acids, but not with phosphoric acid. 
Tartrates, citrates, and oxalates inhibit the precipitation of tungstic acid. The 
precipitate is soluble in dilute ammonia solution (distinction from SiO, .xH,0). 


2. Phosphoric acid: white 


precipitate of phosphotungstic acid, H,[PO. 
(W203)].5H20, soluble in excess of the reagent. = ar 


3. Hydrogen sulphide: no precipitate in acid solution. 


4, Ammonium sulphide solution : no precipitate, but if the solution is afterwards 
acidified with dilute hydrochloric acid, a brown precipitate of tungsten tri- 
sulphide, -WS,, is produced. The precipitate dissolves in ammonium sulphide 
solution forming a thiotungstate ion, Ws2-. 


J. Zine and hydrochloric acid If a solution of a tungstate is treated with 
hydrochloric acid and then a little zinc added, a blue colouration or precipitate 
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is produced. The product is called ‘tungsten blue’ and has a composition near to 
the formula W,0,. 


6. Tin(II) chloride solution: yellow precipitate, which becomes blue upon 
warming with concentrated hydrochloric acid. 

The spot-test technique is as follows. Mix 1-2 drops of the test solution with 
3-5 drops of the tin(II) chloride reagent on a spot plate. A blue precipitate or 
colouration of tungsten blue W,0.. 

_ Sensitivity: S ug W. Concentration limit: 1 in 10,000. 

Molybdenum gives a similar reaction. If, however, a thiocyanate is added, 
the red complex ion [Mo(SCN),]?~ is formed, and upon the addition of con- 
centrated hydrochloric acid the red colour disappears and the blue colour due 
to tungsten remains. 

The spot test is conducted as follows in the presence of molybdenum. 

Place a drop of concentrated hydrochloric acid upon filter or drop-reaction 
paper and a drop of the test solution in the centre of the spot. A tungstate pro- 
duces a yellow stain. Add a drop of 10 per cent potassium thiocyanate solution 
and a drop of saturated tin(II) chloride; a red spot, due to [Mo(SCN),]*~, is 
produced, but this disappears when a drop of concentrated hydrochloric acid 
is added and a blue colour, due to tungsten blue remains. 

Sensitivity: 4 pg W. Concentration limit: 1 in 12,000. 


7. Iron(II) sulphate solution: brown precipitate. This turns white upon adding 
dilute hydrochloric acid, and then yellow upon heating (difference from 
molybdates). 


8. Silver nitrate solution: pale yellow precipitate of silver tungstate, soluble in 
ammonia solution, decomposed by nitric acid with the formation of white 
hydrated tungstic acid. 


9. KHSO,-H,SO,-phenol test (Defacqz reaction) A little of the solid (or the 
residue obtained by evaporating a little of the solution to dryness) is heated with 
4-5 times its weight of potassium hydrogen sulphate slowly to fusion, and the 
temperature is maintained until the fluid melt is clear. The cold melt is stirred 
with concentrated sulphuric acid. Upon adding a few milligrams of phenol to a 
few drops of the sulphuric acid solution, an intense red colouration is produced 
(difference from molybdate). A reddish-violet colouration is obtained if hydro- 
quinone replaces the phenol. The test is a highly sensitive one and will detect 
2 ug of tungstate. \ 


10. Dry test Microcosmic salt bead: oxidizing flame — colourless or pale- 
yellow; reducing flame — blue, changing to blood-red upon the addition of a 
little iron(II) sulphate. 


VI.5 SEPARATION AND IDENTIFICATION OF GROUP I CATIONS 
IN THE PRESENCE OF THALLIUM AND TUNGSTEN The separation 
and identification of Hg(I), Ag, W, Pb, and TI(I) is described in Table VI.1. 


VI.6 MOLYBDENUM, Mo (4,: 95:94) - MOLYBDATE Molybdenum is 
a silverish-white, hard, heavy metal. In powder form it is grey. It melts at 
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°C. The metal is resistant to alkalis and hydrochloric acid. Dilute nitric 
Sahai it slowly, concentrated nitric acid Tenders it passive. Molybdenum 
can readily be dissolved in aqua regia or in a mixture of concentrated nitric 

i hydrogen fluoride. 

Sat ees forms compounds with oxidation numbers +2, +3, +4, +5, 
and +6. Of these molybdates are the most important (with oxidation number 
+6). Molybdates are the salts of molybdic acid, H)MoO,. This acid tends to 
polymerize with the splitting off of molecules of water. Thus, the commercial 


Table VI.1. Separation and identification of Group I cations in the presence of Tl and W 
The precipitate may contain PbCl,, AgCl, HgCl,, TICI, and tungstic acid (WO, .xH0). 
Wash the ppt. on the filter with 2 ml portions of 2M HCI, then 2-3 times with 1 ml portions 
of cold water, and reject the washings. Transfer the ppt.* to a boiling tube or to a small 
beaker, and boil with 10-15 ml water. Filter hot. 


Residue 


Filtrate 


May contain Hg,Cl,, AgCI, and tungstic acid. 
Wash the ppt. several times with hot water until the 
washings give no ppt. with K,CrO, solution; this 
ensures the complete removal of the Pb and TI. 
Pour 5 ml warm, dilute NH; solution repeatedly 


May contain Pb?* and TI* ; these may 
crystallize out on cooling. 

Evaporate to fuming with 2-3 ml 
concentrated H,SO,, cool, dilute to 


10-20 ml, cool and filter. 
through the filter. 
Residue Filtrate Residue Filtrate 
i a es SO ph 
If black, May contain [Ag(NH;),]* and If white = con- May contain T1* 
consists of WO3- . Nearly neutralize with 


v sists of PbSO,. Just neutralize with 
Hg(NH,)Cl dilute HCI, add just enough dilute This is soluble dilute NH; solution, 
NH; solution to redissolve any ppt. 


in ammonium and add KI solution. 
Hg(1) which forms. Add KI solution and acetate solution; Yellow ppt. of TII, 
present. filter. KCrO, insoluble in cold 
0 a=.) solution then Na,S,0; solution. 
Residue Filtrate precipitates TI present. 
Lv. oi _ yellow PbCro,; Confirm by flame 
Pale May contain WO2- insoluble in 2m test; intense green 
yellow Evaporate to a small acetic acid. flame. (Use spectro- 
(Agi). volume, acidify with Pb present. scope, if available.) 
Ag dilute HCI, add 3 ml 
present. SnCl, solution, boil, 


add 3 ml concentrated 
HCI, and heat again to 
boiling. 

Blue ppt. or 
colouration. 

W present. 

Confirm by the 
Defacqz reaction. 


* A gelatinous precipitate may also be hydrated silica, which is partiall: ipitated here from 
silicates decomposable by acids. be ea 


ammonium molybdate is in fact a heptamolybdate in 


mmr which [Mo,0,,]°~ ions 
are present. For the sake of simplicity the formula MoO32> will be used in this 
text whenever molybdates are discussed. 


Reactions of molybdates MoO% To study these reactions use a 4:5 per cent 
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solution of ammonium molybdate, (NH,);Mo;0,,.4H,O, which is approxi- 
mately 0:25m for molybdate MoO. 


1. Dilute hydrochloric acid: white or yellow precipitate of molybdic acid, 
H,Mo0O,, from concentrated solutions, soluble in excess mineral acid. 


2. Hydrogen sulphide With a small quantity of the gas and an acidified 
molybdate solution, a blue colouration is produced; further passage of hydro- 
gen sulphide yields a brown precipitate of the trisulphide, MoS, ; this is soluble 
in ammonium sulphide solution to a solution containing a thiomolybdate, 
[MoS,]?~, from which MoS; is reprecipitated by the addition of acids. The 
precipitation in acid solution is incomplete in the cold; more extensive precipi- 
tation is obtained by the prolonged passage of the gas into the boiling solution 
and under pressure. Precipitation is quantitative with excess hydrogen sulphide 
at 0° in the presence of formic acid. 


3. Reducing agents, e.g. zinc, tin(II) chloride solution, colour a molybdate 
solution acidified with dilute hydrochloric acid blue (probably due to Mo?*), 
then green and finally brown. 


4. Ammonium thiocyanate solution: yellow colouration in solution acidified 
with dilute hydrochloric acid, becoming blood-red upon the addition of zinc 
or of tin(II) chloride on account of the formation of hexathiocyanato- 
molybdate(III) [Mo(SCN), ]>” ; the latter is soluble in ether. The red colouration 
is produced in the presence of phosphoric acid (difference from iron). 

The spot-test technique is as follows. Place a drop of the test solution and a 
drop of 10 per cent potassium or ammonium thiocyanate solution upon quanti- 
tative filter paper or upon drop-reaction paper. Add a drop of saturated tin(II) 
chloride solution. A red spot is obtained. 

Sensitivity: 0-1 ug Mo. Concentration limit: 1 in 500,000. » 

If iron is present, a red spot will appear initially but this disappears upon the 
addition of the tin(II) chloride solution (or of sodium thiosulphate solution). 
Tungstates reduce the sensitivity of the test (cf. Section VI.4, reaction 6). 


5. Sodium phosphate solution: yellow, crystalline precipitate of ammonium 
phosphomolybdate in the presence of excess nitric acid (cf. phosphates, Section 
IV.28, reaction 4). 


6. Potassium hexacyanoferrate(II) solution: reddish-brown precipitate of. 
molybdenum hexacyanoferrate(II), insoluble in. dilute mineral acids, but 
readily soluble in solutions of caustic alkalis and ammonia [difference from 
uranyl and copper(II) hexacyanoferrate(II)s]. 


7. o-Benzoin oxime reagent (or ‘cupron’ reagent) 
{C,H,.CHOH.C(—NOH)C,H;}. 


The molybdate solution is strongly acidified with dilute sulphuric acid and 
0:5 ml of the reagent added. A white precipitate is produced. 


8. Potassium xanthate (or potassium ethyl xanthogenate) test {SC(SK )OC,H;} 
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lybdate solution is treated with a little solid potassium xanthate and 
D with dilute hydrochloric acid, a red-purple colouration is pro- 
duced. With large amounts of molybdenum, the compound separates as dark, 
oily drops which are readily soluble in organic solvents such as benzene, chloro- 
form, and carbon disulphide. The reaction product has been given the formula 
MoO-[SC(SH)(OC,H;)]2. The test is said to be specific for molybdates, 
although copper, cobalt, nickel, iron, chromium, and uranium under excep- 
tional conditions interfere. Large quantities of oxalates, tartrates, and citrates 
decrease the sensitivity of the test. 
The spot-test technique, for which the reaction is particularly well adapted, 
is as follows. Place a drop of the nearly neutral or faintly acid test solution on a 
spot plate, introduce a minute crystal of potassium xanthate, followed by 
2 drops of 2m hydrochloric acid. An intense red-violet colouration is obtained. 
Sensitivity: 0-04 pg Mo. Concentration limit: 1 in 250,000. 


9. Phenylhydrazine reagent (C,H. 
is produced when molybdates and 
The latter is oxidized by the molyb: 
with the excess of base in the pre: 
compound. 

Mix a drop of the test solu 
red colouration appears. 


Sensitivity: 0-3 ug Mo. Concentration limit: 1 in 150,000. 


The reagent consists of a solution of 1 part of phenylhydrazine dissolved in 
2 parts of glacial acetic acid. 


NHNH,) A red colouration or precipitate 
an acid solution of phenylhydrazine react. 
date to a diazonium salt, which then couples 
sence of the molybdate to yield a coloured 


tion and a drop of the reagent on a spot plate. A 


10. Iron(II) sulphate solution: reddish-brown colour. Upon adding dilute 
mineral acid, the colour changes to blue; the colour becomes paler and more 
green upon warming but returns to blue on cooling (difference from tungstate). 


11. ‘Dry tests a. Micro 
while hot and colourless 
when cold. 


cosmic salt bead: oxidizing flame — 


yellow to green 
when cold: reducing flame — 


brown when hot, green 


b. Evaporation with concentrated sulphuric acid in a porcelain dish or 
crucible: a blue mass (containin, 


: g ‘molybdenum blue’) is obtained. The blue 
colour is destroyed by dilution with water. 


VL7 GOLD, Au (4,: 196-97) — GOLDI Gold is a heavy metal with its 
characteristic yellow colour. In Powderous form it is reddish-brown. It melts 
at 1064:8°C. ý 

Gold is resistant against acids, only aqua regia dissolves it when tetrachloro- 
aurate(III), [AuC1,]", anions are formed. Gold dissolves slowly in potassium 
cyanide, when dicyanoaurate(I), [Au(C 2”, anions are formed. From both 
the monovalent and trivalent form gold 


can easily be reduced to the metal. 
Gold(I) compounds are less stable than those of gold(III), 


Reactions of gold( III) [tetrachloroaurate(III)] ions To study these reactions 
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use a 0°33M solution of commercial gold(III) chloride, which in fact is hydrogen 
tetrachloroaurate(III), H[AuCl,].3H,O. 


1. Hydrogen sulphide: black precipitate of gold(I) sulphide, Au,S (usually 
mixed with a little free gold), in the cold, insoluble in dilute acids, but largely 
soluble in yellow ammonium sulphide solution, from which it is reprecipitated 
by dilute hydrochloric acid. A brown precipitate of metallic gold, together with 
gold(I) sulphide and sulphur, is obtained upon precipitation of a hot solution; 
this is also largely dissolved by yellow ammonium sulphide solution. 


2[AuCl,]- +3H,S > Au,S|+2S]+6H* +8Cl- 


2. Ammonia solution: yellow precipitate of ‘fulminating gold’; this has been 
formulated as Au,03;.3NH3+NH(CINH,Au), but the exact composition is 
not fully established. The dry substance explodes upon heating or upon 
percussion. 


3. Oxalic acid solution Gold is precipitated as a fine brown powder (or some- 
times as a mirror) from cold neutral solutions (difference from platinum and 
other Group II metals). Under suitable conditions, the gold is obtained in the 
colloidal state as a red, violet, or blue solution. 


2[AuCl,]” +3(COO)3- —> 2Aul +6CO,f + 8Cl™ 


Similar results are obtained with iron(II) sulphate solution. Reduction also 
occurs with hydroxylamine and hydrazine salts, and ascorbic acid. 


4. Tin(II) chloride solution: purple precipitate, ‘purple of Cassius’, consisting 
of an adsorption compound of tin(II) hydroxide, Sn(OH),, and colloidal gold, 
in neutral or weakly acid solution. In extremely dilute solutions only a purple 
colouration is produced. If the solution is strongly acid with hydrochloric acid, 
a dark-brown precipitate of pure gold is formed. 


2[AuCl,]” +4Sn7* +2H,0 > 2Auļ+ Sn(OH)z} + 3Sn** +2H* +8C17 


5. Hydrogen peroxide: the finely divided metal is precipitated in the presence 
of sodium hydroxide solution (distinction from platinum). The precipitated 
metal appears brownish-black by reflected light and bluish-green by transmitted 
light. 

2[AuCl,]~- +3H,0,+6OH™ > 2Au| +30,f + 8C1- +6H,0 


6. Sodium hydroxide solution: reddish-brown precipitate of gold(III) hydroxide, 
Au(OH) , from concentrated solutions. The precipitate has amphoteric 
properties; it dissolves in excess alkali forming tetrahydroxoaurate(III), 


[Au(OH),]~, ion. 


Zi p-Dimethylaminobenzylidene-rhodanine reagent: (for formula see Silver, 
Section III.6, reaction 11): red-violet precipitate in neutral or faintly acid 
solution. Silver, mercury, and palladium salts give coloured compounds with 


the reagent and must therefore be absent. _ 
Moisten a piece of drop-reaction paper with the reagent and dry it. Place a 
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drop of the neutral or weakly acid test solution upon it. A violet spot or ring is 
obtained. ele pee 
Sensitivity: 0-1 wg Au. Concentration limit: 1 in 500,000. 


The reagent consists ofa 0-3 per cent solution of p-dimethylaminobenzylidene- 
rhodanine in acetone. 


8. Dry test All gold compounds when heated upon charcoal with sodium 
carbonate yield yellow, malleable, metallic particles, which are insoluble in 
nitric acid, but soluble in aqua Tegia. The aqua regia solution should be 
evaporated to dryness, dissolved in water, and tests 1, 3 or 4 applied. 


VL8 PLATINUM, Pt (4,: 195-09) Platinum is a greyish-white, ductile and 
malleable heavy metal with a density of 21-45 g cm™° and a melting point 
of 1773°C. 

It is a noble metal, not attacked by dilute or concentrated acids, except aqua 
regia, which dissolves platinum when hexachloroplatinate(IV) ions are formed: 


3Pt+4HNO, + I8HCI > 3[PtCl,]?- +4NO} +6H* +8H,0 


Molten alkalis and alkali peroxides attack platinum, therefore these should 
never be melted in platinum crucibles. In its compounds, platinum can be 


mono-, di-, tri-, tetra- and hexavalent, tetravalent platinum being the most 
important in analytical practice, 


Reactions of the hexachloroplatinate(I V) ion [PtCl,]?- To study these re- 
actions use a 0-5 solution 


of hexachloroplatinic acid [hydrogen hexachloro- 
Platinate(IV)]. 


ji; Hydrogen sulphide: black (or dark brown) precipitate of the disulphide, PtS, 
(possibly containing a little elementary platinum), slowly formed in the cold, 


but rapidly on warming. The precipitate is insoluble in concentrated acids, but 
dissolves in aqua regia and 


Jes also in ammonium polysulphide solution; it is 
reprecipitated from the last-named solution of thio salt by dilute acids. . 
[PtCl,]?- +2H,s > PtS.|+4H+ +6¢I- 


2. Potassium chloride Solutio; 


platinate(IV), K,[PtCl,], fro 
A similar result is obtained 


n: yellow precipitate of potassium hexachloro- 


m concentrated solutions (difference from gold). 
with ammonium chloride solution, 


um hydroxide solution likewise do not precipitate 
metallic platinum. 


4. Sodium formate: black powder of metallic platinum from neutral boiling 
solutions. 


[PtCl,]?" +2HCOO™ — Pt) +2C0,t 421+ +6Cl- 


5. Zinc, cadmium, magnesium or aluminium : all these Metals precipitate finely 
divided platinum. 


[PtCl.]?~ +2Zn > Pt] +2Zn?+ +6C1- 
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6. Hydrazine sulphate: ready reduction in ammoniacal solution to metallic 
platinum, some of which is deposited as a mirror upon the sides of the tube. 


[PtCl,]?” +N,H,+4NH; > Pt} +N,1+4NHi +6Cl- 


7. Silver nitrate solution: yellow precipitate of silver hexachloroplatinate(IV), 
Ag,[PtCl,], sparingly soluble in ammonia solution but soluble in solutions of 
alkali cyanides and of alkali thiosulphates. 


8. Potassium iodide solution: intense brownish-red or red colouration, due to 
[PtI,]?~ ions. With excess of the reagent K,[PtI,] may be precipitated as an 
unstable brown solid. On warming, black PtI, may be precipitated. 


9. Tin(II) chloride solution: red or yellow colouration, due to colloidal platinum, 
soluble in ethyl acetate or in ether. 

To employ this reaction as a spot test in the presence of other noble metals 
(gold, palladium, etc.), the platinum is fixed as thallium(l) hexachloro- 
platinate(IV), Tl,[PtCl,], which is stable to ammonia solution; upon washing 
the precipitate with ammonia solution, the thallium complexes with gold, 
palladium, etc., pass into solution. 

Place a drop of saturated thallium(I) nitrate solution upon drop-reaction 
paper, add a drop of the test solution and then another drop of the thallium(I) 
nitrate solution. Wash the precipitate with ammonia solution, and add a drop 
of strongly acid tin(II) chloride solution. A yellow or orange spot remains. 

Sensitivity: 0:5 ug Pt. Concentration limit: 1 in 80,000. 


10. Rubeanic acid (or dithio-oxamide) reagent 


Cie) 


a purplish-red precipitate of the complex 


is formed. Palladium and a large proportion of gold interfere. 
Place a drop of the test solution (acid with HCI) upon a spot plate and add a 


drop of the reagent. A purplish-red precipitate is produced. 
Concentration limit: 1 in 10,000. : E ead p 
The reagent consists of a 0:02 per cent solution of rubeanic acid in glacial 


acetic acid. 
11. Dry test All platinum compounds when fused with sodium carbonate 
upon charcoal are reduced to the grey, spongy metal (distinction from gold). 


The residue is insoluble in concentrated mineral acids, but dissolves in aqua 
regia. The solution is evaporated almost to dryness, dissolved in water, and 


reactions 1, 2, 5, 9 or 10 applied. 
255 


VI.9 QUALITATIVE INORGANIC ANALYSIS 


VI.9 PALLADIUM, Pd (4,: 106:4) Palladium is a light-grey metal which 
melts at 1555°C. Its most interesting physical characteristic is that it is able to 
dissolve (absorb) hydrogen gas in large quantities. ty. 

Unlike platinum, palladium is slowly dissolved by concentrated nitric acid, 
and by hot concentrated sulphuric acid, forming a brown solution of pal- 
ladium(II) ions. Palladium can also be dissolved by fusing the metal first with 
potassium pyrosulphate and then leaching the frozen melt with water. The 
metal dissolves readily in aqua regia, when both Pd?* and Pd** (more pre- 
cisely, [PdCl,]?~ and [PdCl,]?~) ions are formed. If such a solution is evapor- 
ated to dryness, the latter loses chlorine so that on treating the residue with 
water a solution of palladium(II) ions (more precisely : tetrachloropalladium(II) 
ions [PdCl, ]?-) is obtained. Palladium(II) ions are most'stable; palladium(III) 
and (IV) compounds can easily be transformed into palladium(II). 


Reactions of palladium(, TI) ions 


To study these reactions use a | per cent 
solution of palladium(II) chloride. 


1. Hydrogen sulphide: black precipitate of palladium(II) sulphide, PdS, from 


acid or neutral solutions. The Precipitate is insoluble in ammonium sulphide 
solution. 


2. Sodium hydroxide solution: reddish-brown, gelatinous precipitate of the 


hydrated oxide, PdO.nH,O (this may be contaminated with a basic salt), 
soluble in excess of the precipitant. 


3. Ammonia solution: red precipitate of [Pd(NH5)<] [PdCl], soluble in 
excess of the reagent to give a colourless solution of [Pd(NH3),}** ions. Upon 
acidifying the latter solution with hydrochloric acid, a yellow crystalline 
precipitate of [Pd(NH;),Cl,] is obtained. 


4. Potassium iodide solution: bl 
in neutral solution, soluble in e 
[Pdl,]*~. In acid solution, bla 


ack precipitate of palladium(II) iodide, Pdl,, 
Xcess of the reagent to give a brown solution of 
ick Pdl is Precipitated, 

Sa Mercury (II) cyanide solution: white precipitate of palladium(II) cyanide, 
Pd(CN), (difference from platinum), Sparingly soluble in dilute hydrochloric 
acid, readily soluble in Potassium cyanide solution and in ammonia solution. 


6. a-Nitroso-B-naphthol solution: brown, voluminous precipitate of 
Pd(C,,H,O,N), (difference from platinum). 

The reagent consists of a 1 per cent solution of &-nitroso-B-naphthol in 50 
per cent acetic acid. 


7. Reducing agents (Cd, Zn or Fe in acid Solution, formic acid, sulphurous acid, 
etc.): black, spongy precipitate of metallic Palladium, ‘palladium black’. 
Tin(I1) chloride yields a brown Suspension containing metallic palladium. 


8. Dimethylglyoxime reagent: yellow, crystalline precipitate of palladium 
dimethylzlyoxime, Pd(C,H,O3N,);, insoluble in m ydroctioric acid (differ- 
ence from nickel and from other platinum metals) but soluble in dilute ammonia 
solution and in potassium cyanide solution (cf. Nickel, Section 111.27, reaction 8). 
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Salicylaldoxime reagent also precipitates palladium quantitatively as 
Pd(C,H,O,N), (Cf. Copper, Section III.10, reaction 9; difference from 
platinum). 

Place a drop of the slightly acid solution on a microscope slide and add a 
minute crystal of dimethylglyoxime. After some minutes, a yellow precipitate 
is formed. This is seen to consist of long, very characteristic needles when 
examined under a microscope ( x 75). 

Platinum does not interfere, but gold and nickel give a similar reaction. 

Concentration limit: | in 10,000. 


9. Mercury(I) chloride (calomel) suspension: reduces palladium(I]) ions to the 
metal 


Pd?* +2Cl- +Hg,Cl,| > Pd] +2HgCl, 


Shake the slightly acid test solution with solid mercury(I) chloride in the cold. 
The solid acquires a grey colour. 
Concentration limit: 1 in 100,000. 


VI.10 SELENIUM, Se (A,: 78:96) - SELENITES, SEO3~ Selenium re- 
sembles sulphur in many of its properties. It dissolves readily in concentrated 
nitric acid or in aqua regia to form selenious acid, H,SeO3. In analytical work 
selenites, SeO3~, and selenates, SeO3?~, are both encountered; selenites being 
more stable. In this section selenites are dealt with; the reactions of selenates 
together with dry tests for selenium will be deal with in Section VI.11. 


Reactions of selenites To study these reactions use a 0: 1M solution of selenious 
acid, H,SeO; (or SeO2) or sodium selenite, Na,SeO3. 


1. Hydrogen sulphide: yellow precipitate, consisting of a mixture of selenium 
and sulphur, in the cold, becoming red on heating. The precipitate is readily 
soluble in yellow ammonium sulphide solution. 


SeO3- +2H,S+2H* > Se} +2S|+3H,O 


2. Reducing agents (sulphur dioxide, solution of tin(II) chloride, iron(II) 
sulphate, hydroxylamine hydrochloride, hydrazine hydrochloride or hydriodic 
acid (KI+ HCl), zinc or iron) : red precipitate of selenium in hydrochloric acid 
solution. The precipitate frequently turns greyish-black on warming. When 
solutions in concentrated hydrochloric acid are boiled or evaporated, serious 
losses of selenium as SeCl, occur. 


3. Copper sulphate solution: bluish-green, crystalline precipitate of copper 
selenite, CuSeOs, in neutral solution (difference from selenate). The precipitate 
is soluble in dilute acetic acid. 


4. Barium chloride solution: white precipitate of barium selenite, BaSeQ,, in 
neutral solution, soluble in dilute mineral acids. 


5. Thiourea test, CS(NH;),. Solid or dissolved thiourea precipitates selenium 
as a red powder from cold dilute solutions of sclenites. Tellurium and bismuth 
give yellow precipitates, whilst large amounts of nitrite and of copper interfere, 
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Place a little powdered thiourea on quantitative filter paper and moisten it 
with a drop of the test solution. Orange-red selenium separates out. 
Sensitivity: 2 ug Se. 


6. Iodides Selenites are reduced by potassium iodide and hydrochloric acid 
SeO3" +417 +6H* > Se| +21, +3H,O 


The iodine is removed by adding a thiosulphate, and the selenium remains as a 
reddish-brown powder. Tellurites Teact under these conditions forming the 
complex anion, [Tel,]?~, which also has a teddish-brown colour; it is, how- 


ever, decomposed and decolourized by a thiosulphate, thus permitting the 


Sensitivity: 1 ug Se (in 0:025 ml). Concentration limit: 1 in 25,000. 


7. Pyrrole reagent 


CH—CH 
ol 
CH CH 
me 
NH 


guishing selenites and selenates. 


aut chloride solution and 7 drops of syrupy 


) on a spot plate ¢ taini f the test 
solution and stir well. dda drop of p Bae pee 


€ the pyrrole rea tir again. A 

greenish-blue colouration is obtained. py Siti r AE 
Sensitivity: 0:5 bg Se. Concentration limit: 1 in 100,000. 

Wy icon consists of a I per-cent Solution of pyrrole in aldehyde-free 

ethanol. 


2SeO3> +SCN> +4H* | 2Sel +CO 


Mix 0:5 ml of the test solution with 2 ml 
solution and 5 ml of 6m hydrochloric acid, and boil for 30 seconds. A red 
colouration, due to selenium, is Produced. 


21 +NH¢t + S04- 


VI.11. SELENIUM, SE (4; 78-96) — 


à l SELENATES, SeQZ- The most im- 
portant properties of selenium were de: 


scribed in Section VI.10. 
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Reactions of selenates To study these reactions use a 0- 1M solution of potassium 
selenate, K,SeO,, or sodium selenate, Na,SeO,.10H,O. 


1. Hydrogen sulphide: no precipitation occurs. If the solution is boiled with 
concentrated hydrochloric acid, the selenic acid is reduced to selenious acid; 
hydrogen sulphide then precipitates a mixture of selenium and sulphur. 


SeO3” + 2HCI > SeO3" +Cl,f +H,O 
2. Sulphur dioxide: no reducing action. 
3. Copper sulphate solution: no precipitate (difference from selenite). 


4. Barium chloride solution: white precipitate of barium selenate, BaSeO,, 
insoluble in dilute mineral acids. The precipitate dissolves when boiled with 
concentrated hydrochloric acid, and chlorine is evolved (distinction and 
separation from sulphate). 


BaSeO,| +2HCI - SeO2- + Ba?*+ +Cl,} +H,O 


5. Dry tests a. Selenium compounds mixed with sodium carbonate and 
heated upon charcoal: odour of rotten horseradish. A foul odour, due to 
hydrogen selenide, H,Se, is obtained upon moistening the residue with a few 
drops of dilute hydrochloric acid. A black stain (due to Ag,Se) is produced 
when the moistened residue is placed in contact with a silver coin. 


b. Elementary selenium dissolves in concentrated sulphuric acid: green 
solution, due to the presence of the compound SSeO 3. Upon dilution with 
water, red selenium is precipitated. 


VI.12 TELLURIUM, Te (4,: 127-60) - TELLURITES, TeO3~ Tellurium 
is less widely distributed in nature than selenium; both elements belong to 
Group VI of the periodic system. When fused with potassium cyanide, it is 
converted into potassium telluride, K,Te, which dissolves in water to yield a 
red solution. If air is passed through the solution, the tellurium is precipitated 
as a black powder (difference and method of separation from selenium). 
Selenium under similar conditions yields the stable potassium selenocyanide, 
KSeCN; the selenium may be precipitated by the addition of dilute hydrochloric 
acid to its aqueous solution. 


2KCN+Te > K,Te+(CN),1 
2Te?- + 2H,0+0, > 2Te| + 40H- 
KCN+Se > KSeCN 
SeCN- +H* > Se] +HCNt 


Tellurium is converted into the dioxide, TeO2, by nitric acid. Like sulphur and 
selenium, it forms two anions, the tellurite, TeO3~, and the tellurate, TeO{- 


Reactions of tellurites To study these reactions use a 0-1M solution of potassium 
tellurite, K,TeO3, or sodium tellurite, Na,TeO3. 


1. Hydrogen sulphide: brown precipitate of the disulphide, TeS,, from acid 
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solutions. The sulphide decomposes easily into tellurium and sulphur, and is 


readily soluble in ammonium sulphide solution but insoluble in concentrated 
hydrochloric acid. 


2. Sulphur dioxide: complete precipitation of tellurium from dilute (1-5m) 
hydrochloric acid solutions as a black powder. In the presence of much con- 


centrated hydrochloric acid, no precipitate is formed (difference and method of 
separation from selenium). 


3. Iron(II) sulphate solution: no precipitation of tellurium (difference from 
selenium). A similar result is obtained with hydriodic acid (KI+ HCI). 


4. Tin(II) chloride or hydrazine hydrochloride solution or zinc: black tellurium 
is precipitated. 
5. Dilute hydrochloric acid: 


white precipitate of tellurous acid, H,TeO3 
(difference from selenite), solu! 


ble in excess of the precipitant. 


6. Barium chloride solut 


ion: white precipitate of barium tellurite, BaTeO3, 
soluble in dilute hydroch 


loric acid but insoluble in 30 per cent acetic acid. 


7. Potassium iodide solution: black precipitate of Tel, in faintly acid solution, 
dissolving in excess of the reagent to form the red hexaiodotellurate(IV) ion 
(difference from selenite). 


8. Hypophosphorous acid test 


Both tellurites and tellurates are reduced to 
tellurium upon evaporation wit! 


h hypophosphorous acid: 
Te057 +H,PO; > Tel +PO3- + H,O 
2Te02- + 3H,PO; > 2Te+ 3P03- 


+2H*+2H,0 
Selenites are likewise reduced to selenium. If, however, the solution of the 
selenite in concentr: idi 


sodium sulphite, selenium 
; the latter can be detected in the solution 


and a drop of 50 per cent 
e, and evaporate almost to 


ion limit: 1 in 500,000; 
limit: 1 in 100,000. 
VI.13 TELLURIUM, Te (4: 127-60) — 


Mi, TELLURATES, TeQ~ The most 
Important characteristics of tellurium we 


re described in Section VI.12. 
© study these reactions use a 0: ion of sodium 
tellurate, Na,TeO,. 0-IM solution 


1, Hydrogen sulphide: no precipitate in hydrochloric acid solution in the cold. 
In hot acid solution, the tellurate is first reduced to tellurite, and precipitation 
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of the tellurium then occurs (compare Section VI.12.). Other reducing agents give 
similar results. 


2 Hydrochloric acid: no precipitate in the cold. Upon boiling the solution, 
chlorine is evolved; tellurous acid, H,TeO3, is precipitated upon dilution 
(distinction from selenium). 


TeO3” +4HCl > H,TeO3)+Cl,,+2Cl +H,0 


3. Barium chloride solution: white precipitate of barium tellurate, BaTeO,, from 
neutral solutions; the precipitate is readily soluble in dilute hydrochloric acid 
and in dilute acetic acid (distinction from selenate). 


4. Potassium iodide solution: yellow to red colour, due to hexaiodotellurate(VI) 
ions, [Tel,]?~, from dilute acid solutions (difference from tellurites). 


5. Reducing agents No precipitate is produced in cold solutions with hydrogen 
sulphide or sulphur dioxide: with hot solutions, or with solutions that have 
been boiled with hydrochloric acid, precipitates of brown TeS (or Te+S) and 
of black Te respectively are formed. Tin(II) chloride, hydrazine or zinc in acid 
solution give black tellurium upon warming. 


6. Dry tests a. Fusion of any tellurium compound with sodium carbonate 
upon charcoal: formation of sodium telluride, Na,Te, which produces a black 
stain (due to Ag,Te) when placed in contact with a moist silver coin. 


b. Elementary tellurium dissolves in concentrated sulphuric acid: red solution, 
due to the presence of TeSO3. Upon dilution with water, grey tellurium is 


precipitated. 


VI.14 SEPARATION AND IDENTIFICATION OF GROUP II CATIONS 
IN THE PRESENCE OF MOLYBDENUM, GOLD, PLATINUM, PAL- 
LADIUM, SELENIUM, AND TELLURIUM The first step in this separation 
process is to separate cations into Groups IIA and IIB. 

Hydrogen sulphide in acid solution precipitates Mo,* Au, Pt, Pd, Se, and Te 
in addition to the ‘common’ elements of Group II. Extraction of the group 
precipitate with ammonium polysulphide solution brings the greater part of 
the ‘rarer’ elements (excluding PdS) into Group IIB (arsenic group) but not 
completely, for appreciable quantities of Mo, Au, and Pt, as well as all the Pd, 
remain in the Group IIA (copper group) precipitate. The latter three elements 
and also Pd are therefore also tested for in Group IIA. 

For the separation of cations into Groups IIA and IIB the prescriptions of 
Table VI.2, should be followed. 


See ee 

* For the almost complete precipitation of Mo in Group Il, it has been recommended that the 
solution be first saturated in the cold with hydrogen sulphide, then transferred to a pressure bottle 
and heated on a water bath. 
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Table VI.2 Separation of Group I cations into Groups ITA and IIB in the presence of 
Mo, Au, Pt, Pd,Se,andTe Transfer the Group II precipitate, which has been well yas 
with m NH,CI solution that has been saturated with H3S, toa Porcelain dish, add 5-10 m 

ammonium polysulphide solution, heat to 50-60°C and maintain at this temperature for 


3-4 minutes with constant stirring. Filter. Wash the precipitate with dilute (1:100) 
ammonium polysulphide solution. 


Residue Filtrate 


May contain HgS, PbS, Bi,S;, CuS, CdS, 
PdS together with Au, Pt, Mo (trace), 
Sn (trace) as sulphides, 

Group IIA present. 


May contain solutions of the thio-salts of As, Sb, 
and Sn together with Mo, Au, Pt, Se, and Te. 
Just acidify by adding concentrated HCI drop by 
drop (test with litmus Paper) and warm gently. 

A coloured precipitate indicates Group IIB 
Present. 


For the separation and identification of Group IIA cations, follow Table VI.3. 


Table V1.3. Separation and identification of Group ITA cations in the Presence of Pt, Au, 
and Pd The precipitate may contain HgS, PbS, Bi,S3, CuS, CdS, and PdS, together with 
Au and Pt and also Mo sulphide (trace). Transfer to a beaker or porcelain dish, add 
5-10 ml dilute HNO,, boil for 2-5 minutes and filter. 


Residue 


Filtrate 
May contain Hes, Pi, and Au 


ay contain HgS, Pt, and Au, May contain Pb, Bi, Cu, Cd 
Boil with concentrated 


HCI and a little bromine water, 


h and Pd ions. 
and filter, if necessary, from traces of SnO, and PbSO, Examine for Pb, Bi, Cu, and 
which may separate here. Add KC] solution and HCI, and Cd by Table V.4. in Section V.3. 
concentrate the solution. Filter. After separation of Cu and 
Cd, acidify the solution 
Residue Filtrate with dilute HCl, introduce a few 
6. e ae zinc granules and after several 
Yellow and May contain [AuCl,] and HgCl,. minutes filter off any solid and 
crystalline Boil to remove excess acid, render wash with water. Dissolve the 
K,[PtCl,]. alkaline with NaOH Solution, and boil ppt. in 2 ml aqua regia, 
Pt present, with excess oxalic acid. Filter, evaporate just to dryness, 
dissolve the residue in 2m HCI 
Residue Filtrate and add dimethylglyoxime 
RODEN argh Mote Teagent. 
Brownish- May contain HgCl,. Yellow ppt. 
black or Adda few drops of Pd present. 
fae SnCl, solution. White 
lack, 


or grey ppt. 
Au present. H 


B present, 


The separation and identification of Group IIB cations can be carried out by 
following the prescrip; 


tions given in Table V1.4. 
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Residue 


Filtrate 


May contain As, Au, Pt, Mo, Se, and Te as sulphides. Dissolve in 
concentrated HCI + little solid KCIO3; concentrate the solution 
to the crystallization point (use a water bath to reduce loss of Se to 


May contain Sb and Sn as 
chlorides or complex 
chloro-acids. Examine by 


a minimum). Filter. Table V.5 in Section V.3. 
Residue Filtrate 
Yellow May contain As, Au, Mo, Se, and Te as chlorides or acids. Render alkaline 
K,[PtCl,]. with ammonia solution, add Mg(NO3), reagent or magnesia mixture, 
Pt present. allow to stand for 5 minutes with frequent stirring or shaking. Filter. 
Confirm by 
dissolving in Residue Filtrate 
a little hot 
water and White May contain Au, Mo, Se, and Te as chlorides or acids. 
adding KI crystalline Concentrate to remove ammonia, boil with several millilitres 
solution. Red Mg(NH,)- saturated oxalic acid solution, dilute, boil and filter. Extract 
or brownish- AsO,.6H,O. ppt. with HCI to remove coprecipitated tellurous acid. 
red As 
colouration. present. 


Residue 


Brownish- 
black or 
purplish- 
black. 

Au 
present. 


Filtrate 


Concentrate with strong HCI on a water bath 
and, after removing the precipitated KCI, treat 
with a slight excess of solid Na,SO3. Filter. 


Residue 


Filtrate 


Red. 
Se 
present. 


Dilute with an equal volume of 
water, and add successively a little 
KI solution and excess of solid 
Na,SO, whereby the [Tel,]?~ ions 
are reduced to Te. Filter. 


Residue Filtrate 
Black. Boil with HCI to 

Te temove dissolved SO, 
present. and treat successively 


with 10 per cent KSCN 
solution and a little 
SnCl, solution. 

Red colouration, 
soluble in ether. 

Mo present. 


VI.15 VANADIUM, V (Ar: 50:94) - VANADATE Vanadium is a hard, grey 
metal. It melts at 1900°. Vanadium cannot be dissolved in hydrochloric, nitric, 
or sulphuric acids or in alkalis. It dissolves readily in aqua regia, or in a mixture 
of concentrated nitric acid and hydrogen fluoride. In its compounds vanadium 
may have the oxidation numbers +2, +3, +4, +5, and +7, among these +5 
is the most common and +4 also occurs frequently. Vanadates contain penta- 
valent vanadium; these are analogous to phosphates. Vanadic acid, like phos- 
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phoric acids, exists in the form of meta-, pyro- and ortho-compounds (HVO;, 
H,V,0, and HVO; respectively). Unlike the salts of Phosphoric acid, the 
metavanadates are the most stable and the orthovanadates the least stable. A 
solution of an orthovanadate passes on boiling into the metavanadate, the 
pyro-salt being formed. intermediately. In strongly acid solutions dioxo- 


vanadium(V) cations VO} are present. In quadrivalent form vanadium is 
usually present as the vanadyl ion, VO2+*. 


Reactions of metavanadates, VO; To study these reactions use a 0: 1M solution 
of ammonium metavanadate, NH,VO3;, or sodium Metavanadate, NaVQ3. 
The addition of some sulphuric acid keeps these solutions stable. 


1. Hydrogen sulphide No precipitate is produced in acid solution, but a blue 
solution (due to the production of quadrivalent vanadium ions) is formed and 
sulphur separates. Other reducing agents, such as sulphur dioxide, oxalic acid, 
iron(II) sulphate, hydrazine, formic acid, and ethanol, also yield blue vana- 
dium(IV) (VO?*) ions (cf. M 


olybdates, Section VI.6). The reaction takes place 
slowly in the cold, but more rapidly on warming. 


2. Zinc, cadmium or aluminium in acid solution These carry the reduction still 
further. The solutions turn at first blue (VO?* ions), then green (V3* ions) and 
finally violet (V2* ions). 


3. Ammonium sulphide solution The 


solution is coloured claret-red, due to the 
formation of thiovanadates (probabl 


3 y VS3~). Upon acidification of the solu- 
tion, brown vanadium sulphide, V,S,, is incompletely precipitated, and the 


filtrate usually has a blue colour. The precipitate is soluble in solutions of 
alkalis, alkali carbonates, and sulphides. 


4. Hydrogen peroxide A red colouration is produced when a few drops of 
hydrogen pe 


n peroxide solution are added dropwise to an acid (15-20 per cent 
sulphuric acid) solution of 


) j a vanadate; excess hydrogen peroxide should be 
avoided. The colour is not removed by shaking the solution with ether nor is it 
affected by phosphates or fluorides (distinction from titanium). 

If more hydrogen peroxide is added or the solution is made alkaline or both, 
the colour changes to yellow. 
Tahe rea colour is due to the formation of the peroxovanadium(V) cation, 

ors 

VO; +4H*+H,0, > vo3+ +3H,0 


The yellow colour, on the other h ii ; 
4 A 5 and, originates from the diperoxoortho- 
ere) tons, [VO,(O,),)>-, which are formed from hie peroxo- 
AE tons if more hydrogen peroxide is added and the solution is made 


3 
i Yei nF H,0, +60H 2 [V0,(0,),]>~ +4H,0 
This reaction is reversible; on acidification the solution again turns red. 
s: ammon chloride The addition of solid ammonium chloride to a solution 
of an alkali vanadate results in the separation of colourless, crystalline 
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ammonium vanadate, NH,VO3, sparingly soluble in a concentrated solution 
of ammonium chloride. 


6. Lead acetate solution: yellow precipitate of lead vanadate, turning white or 
pale yellow on standing; the precipitate is insoluble in dilute acetic acid but 
soluble in dilute nitric acid. 


7. Barium chloride solution: yellow precipitate of barium vanadate (distinction 
from arsenate and phosphate), soluble in dilute hydrochloric acid. 


8. Copper sulphate solution: green precipitate with metavanadates. Pyro- 
vanadates give a yellow precipitate. 


9. Mercury(I) nitrate solution: white precipitate of mercury(I) vanadate from 
neutral solutions. 


10. Ammonium molybdate solution No precipitate is produced in the presence 
of ammonium nitrate and nitric acid, a soluble molybdovanadate being formed 
(compare phosphate). If the vanadate is mixed with a phosphate, much of the 
vanadium is coprecipitated with the ammonium phosphomolybdate. 


11. Potassium chlorate-p-phenetidine catalytic test Vanadium catalyses the 
reaction between p-phenetidine (H,N.C,H,.OC,Hs) and potassium chlorate; 
potassium hydrogen tartrate has an activating effect upon the reaction. 

Treat 0:5 ml of the test solution in a semimicro test-tube with 0:05 g potassium 
hydrogen tartrate, 1 ml of the p-phenetidine reagent, 1 ml saturated potassium 
chlorate solution and dilute to 5 ml with distilled water. Immerse the test-tube . 
in a water bath: a violet colour appears within a few minutes. 

Lead interferes but is rendered harmless with 100 mg of Na,SO,; iron(II) 
also interferes and is rendered innocuous by adding 50 mg of NaNO, ,. A similar 
result is obtained by replacing KCIO, with a saturated solution of KBrO, but 
iodide as well as lead and iron(III) interfere. 

Sensitivity: 0-001 pg V. A 

The p-phenetidine reagent consists ofa 0:1 per cent solution of p-phenetidine 

in 2m hydrochloric acid. 


12. Tannin test When a neutral or acetic acid solution of a vanadate is treated 
with an excess of 5 per cent tannic acid, a deep blue (or blue-black) colouration is 
obtained. If ammonium acetate is present, a dark-blue (or blue-black) precipi- 
tate separates. The precipitate or colouration is destroyed by mineral acids. 


13. Iron(III) chloride-dimethylglyoxime test The reaction: 

VO; +4H* +Fe?* z VO?* +Fe** +2H,0 
proceeds from left to right in acid solution and in the reverse direction in alkaline 
solution. The test for vanadates utilizes the deep-red colouration with dimethyl- 


glyoxime given by irn(II) salts (cf. Iron(II), Section III.21, reaction 10) and 
the fact that vanadates are readily reduced to the quadrivalent state by heating 


with concentrated hydrochloric acid: 
2VO; +8HCl > 2VO?* +Cl,f+6Cl" +4H,0 


265 


VI.16 QUALITATIVE INORGANIC ANALYSIS 


idizing agents interfere and must be removed. s 
aes 1 ae of the test solution and 2 drops concentrated hydrochloric 
acid ina micro crucible almost to dryness. When cold, adda drop of 05M iron(II) 
chloride solution, followed by 3 drops of a 1 per cent alcoholic solution of 
dimethylglyoxime, and render the mixture alkaline with ammonia solution. Dip 
a strip of quantitative filter paper or of drop-reaction paper into the solution. 
The precipitated iron(II) hydroxide remains behind and the red solution of 
iron(II) dimethylglyoxime diffuses up the capillaries of the paper. 

Sensitivity: 1 ug V. Concentration limit: | in 50,000. 


14. Dry test Borax bead: oxidizing flame — colourless (yellow in the presence 
of much vanadium); reducing flame — green. 


VI.16 BERYLLIUM, Be (Ar: 9:01) Beryllium is a greyish-white, light but 
very hard, brittle metal. It dissolves readily in dilute acids. I r 

beryllium is divalent, otherwise it resembles closely aluminium in chemical 
properties; it also exhibits resemblances to the alkaline earth metals. The salts 


réact acid in aqueous solution, and possess a sweet taste (hence the name 
glucinum formerly given to the element). Beryllium compounds are highly 
poisonous. 


n its compounds 


Reactions of beryllium ions, Be** To study these reactions use a 0:1M solution 
of beryllium sulphate, BeSO,.4H,0. 


1. Ammonia or ammonium sulphide solution: white precipitate of beryllium 
hydroxide, Be(OH),, similar in appearance to aluminium hydroxide, insoluble 
in excess of the reagent, but readily soluble in dilute hydrochloric acid, forming 
a colourless solution. Precipitation is prevented by tartrates and citrates. 


2. Sodium hydroxide solution: white gelatinous precipitate of beryllium 
hydroxide, readily soluble in excess of the precipitant, forming tetrahydroxo- 
beryllate ion, [Be(OH),]?>; on boiling the latter solution (best when largely 
diluted), beryllium hydroxide is Teprecipitated (distinction from aluminium). 

Precipitate is also soluble in 10 Per cent sodium hydrogen carbonate 
solution (distinction from aluminium). 


Be(OH),|+20H- = [Be(OH),]?- 


On the other hand, the precipitate is insoluble in aqueous ethylamine solution 
whereas alumin 


reas aluminium hydroxide dissolves in a moderate excess of the reagent. 
Precipitation is Prevented by tartrates and Citrates. 


3. Ammonium carbonate solution: white preci 
ate, soluble in excess of th 


t ‘ e reagent (differen 
the solution, the white basic carbonate is rep. 


pitate of basic beryllium carbon- 
ce from aluminium). On boiling 
recipitated. 


4. Oxalic acid or ammonium oxalate solution: no precipitate (difference from 
thorium, zirconium, and cerium), 


5. Sodium thiosulphate solution: no precipitate (difference from aluminium). 
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6. Basic acetate-chloroform test Upon dissolving beryllium hydroxide 
(reaction 1) in glacial acetic acid and evaporating to dryness with a little water, 
basic berryllium acetate, BeO.3Be(CH;COO),, is produced, which dissolves 
readily upon extraction with chloroform. This forms the basis of a method for 
separating beryllium from aluminium, since basic aluminium acetate is in- 
soluble in chloroform. The mixed hydroxides are treated as detailed above. 


7. Quinalizarin reagent:* cornflower-blue colouration with faintly alkaline 
solutions of beryllium salts. The reagent alone gives a characteristic violet colour 
with dilute alkali; but this is quite distinct from the blue of the beryllium 
complex; a blank test will render the difference clearly apparent. 

Antimony, zinc, and aluminium salts do not interfere; aluminium should, 
however, be kept in solution by the addition of sufficient sodium hydroxide; the 
influence of copper, nickel, and cobalt salts can be eliminated by the addition 
of potassium cyanide solution; iron salts are ‘masked’ by the addition of a 
tartrate but if aluminium salts are also present a red colour is produced. Mag- 
nesium salts give a similar blue colour, but beryllium can be detected in the 
presence of this element by utilizing the fact that in ammoniacal solution the 
magnesium colour alone is completely destroyed by bromine water. 

In adjacent depressions of a spot plate place a drop of the test solution and a 
drop of distilled water, and add a drop of the freshly prepared quinalizarin 
reagent to each. A blue colouration or precipitate, quite distinct from the violet 
colour of the reagent, is obtained. 

Sensitivity: 0:15 pg Be. Concentration limit: 1 in 350,000. 

If magnesium is present, treat a drop of the solution on a spot plate with 
2 drops of the reagent and | ml saturated bromine water. The original deep-blue 
colour becomes paler when the bromine is added, but remains more or less 
permanently blue. 

The reagent is prepared by dissolving 0:05 g quinalizarin in 100 ml of 0- IM 
sodium hydroxide. 


8. para-Nitrobenzene-azo-resorcinol reagent 


CH, 
OH 


orange-red lake with beryllium salts in alkaline solution. Magnesium salts yield 
a brownish-yellow precipitate; salts and hydroxides of the rare earths, alu- 
minium, and alkaline earths are without influence; the interfering effect of 
silver, copper, cadmium, nickel, cobalt, and zinc is eliminated by the addition of 
potassium cyanide solution. 

Place a drop of the reagent on drop-reaction paper and into the middle of the 
resulting yellow area introduce the tip of a capillary containing the test solution 


* See under Aluminium, Section III.23, reaction 9. 
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so that the latter runs slowly on to the paper. Treat the stain with a further drop 
of the reagent. The stain is coloured deep orange-red. 
Sensitivity: 0-2 pg Be. Concentration limit: 1 in 200,000. í 
The reagent consists of a 0:025 per cent solution of p-nitrobenzene-azo- 
resorcinol in M sodium hydroxide. 


9. Acetylacetone test Acetylacetone reacts with beryllium salts to yield the 


complex Be(C,H,0,),, which possesses a highly characteristic appearance 
under the microscope. 


2CH;.CO.CH,.CO.CH;+Be?* > Be(C;H,O,),+2H* 


Place a drop of the test solution on a microscope slide and add a drop of 
acetylacetone. Crystals separate immediately: these will be found to possess 


thombic and hexagonal forms when observed under the microscope (use linear 
magnification of 75). 


Concentration limit: 1 in 10,000. 


10. Dry test Upon heating beryllium salts with a few drops of cobalt nitrate 
solution upon charcoal a grey mass is obtained (difference from aluminium). 


VI.17 TITANIUM, Ti (4,: 47-90) - TITANIUM(IV) Titanium is a greyish, 
hard metal. It can be dissolved in hot, concentrated sulphuric acid and in 
hydrogen fluoride. Like tin, it is insoluble in concentrated nitric acid, because 


of the formation of titanic acid on the surface of the metal, which protects the 
rest of the metal from the acid. 


Titanium forms the violet titanium(III), Ti 3+ 
Ti**, ions. Titaħium(lII) ions are rather unst 
titanium(IV) in aqueous solutions. Titanium(I 
solutions; they tend to hydrolyse forming t 
acidity of the solution is lowered; later titani 
In analytical work titanium(IV) ions are no 


,and the colourless titanium(IV), 
able and are readily oxidized to 
V) ions exist only in strongly acid 
he titanyl ion, TiO?*, first if the 
um(IV) hydroxide is precipitated. 
tmally encountered. 


Reactions Of titanium(IV) ions To study these reactions use a 0-2M solution of 
titanium(IV) sulphate, 


a j which is prepared either by dissolving the reagent 
[Ti(SO,),] in 5 per cent sulphuric acid, or by fusing titanium dioxide TiO, with 
a ae fold excess of potassium Pyrosulphate in a porcelain or platinum 
crucible. 


TiO, +2K,S,0, > Ti(SO,), +2K,SO, 


The melt, after powdering, is extracted with cold 5 per cent sulphuric acid, and 
filtered if necessary. 


il. Solutions of sodium hydroxide, ammonia or ammonium sulphide All these 
reagents give a white gelatinous p 


e recipitate of orthotitanic acid, H,TiO,, or 
titanium(IV) hydroxide, Ti(OH),, in the cold; this is almost insoluble in excess 
reagent, but soluble in mineral acids. If precipitation takes place from hot 
solution, metatitanic acid, H,TiO;, or TiO.(OH), is said to be formed, which is 
sparingly soluble in dilute acids. Tartrates and citrates inhibit precipitation. 
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2. Water A white precipitate of metatitanic acid is obtained on boiling a 
, solution of a titanic salt with excess water. 

3. Sodium phosphate solution: white precipitate of titanium phosphate, 

Ti(HPO,),, in dilute sulphuric acid solution. 


4. Zinc, cadmium or tin When any of these metals is added to an acid (pre- 
ferably hydrochloric acid) solution of a titanium(IV) salt, a violet colouration 
is produced, due to reduction to titanium(III) ions. No reduction occurs with 
sulphur dioxide or with hydrogen sulphide. 


5. Cupferron reagent :* flocculent yellow precipitate of the titanium salt, 
Ti(C,H,O0,N,),, in acid solution (distinction from aluminium and beryllium). 
If iron is present, it can be removed by precipitation with ammonia and 
ammonium sulphide solutions in the presence of a tartrate; the titanium may 
then be precipitated from the acidified solution by cupferron. 


6. Hydrogen peroxide An orange-red colouration is produced in slightly acid 
solution. The colour is yellow with very dilute solutions. The colouration has 
been variously attributed to peroxotitanic acid, HOO-Ti(OH), or to peroxo- 
disulphatotitanium(IV) ion [Ti0,(SO,)2]7-. 

Chromates, vanadates, and cerium salts give colour reactions with the reagent 
and should therefore be absent. Iron salts give a yellow colour with hydrogen 
peroxide; but this is eliminated by the addition of syrupy phosphoric acid. 
Fluorides bleach the colour (stable [TiF,]?~ ions are formed), and large 
amounts of nitrates, chlorides, bromides, and acetates as well as coloured ions 
reduce the sensitivity to the test. A decrease in the intensity of the yellow 
colouration upon the addition of ammonium fluoride indicates the presence 


of titanium. 
7. Chromotropic acid (1,8-dihydroxynaphthalene-3,6-disulphonic acid) reagent 


OH OH 


egal SO,H 


reddish-brown colouration with titanium salts in the presence of hydrochloric 
or sulphuric acid. Appreciable concentrations of nitric acid inhibit the reaction. 

Mix a drop of the test solution and a drop of the reagent on drop-reaction 
paper or upon a spot plate. A reddish-brown (or purplish-pink) spot or colour- 
ation results. 

Sensitivity: 5 pg TiO,. Concentration limit: 1 in 10,000. 

The reagent consists ofa saturated solution of chromotropic acid. The reagent 
does not keep well, hence it is preferable to impregnate drop-reaction paper 
with the reagent solution and allow the paper to dry in the air. The impregnated 


® For the preparation of the reagent, see under Iron(III), Section 111.22, reaction 10. 
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lution and a 
rs are stable for several months. In use, a drop of the test so ] c 
ares of m H,SO, are placed upon the impregnated paper; a purplish-pink 
colour results. 


8. Pyrocatechol reagent 


OH 
OH 
yellow colouration with neutral or 
titanium salts. Tron(III), chromium, 
large amounts of free mineral acids 
the sensitivity of the test. ‘s 
Place a drop of the sulphuric acid test solution on drop-reaction paper 
impregnated with the reagent. A yellow or yellowish-red spot is obtained. 
Sensitivity: 3 ug Ti. Concentration limit: 1 in 20,000. 


The reagent consists of a freshly prepared 10 per cent aqueous solution of 
Pyrocatechol. 


weakly acid (sulphuric acid) solutions of 
cobalt, and nickel salts interfere as do also 
; alkali hydroxides and carbonates reduce 


9. Dry test Microcosmic salt bead: oxidizing flame — colourless: reducing 
flame — yellow whilst hot and violet when cold (this result is obtained more 
rapidly if a little tin(II) chloride is added). If the bead is heated in the reducing 
flame with a trace of iron(II) sulphate, it acquires a blood-red colour. 


VI.18 ZIRCONIUM, Zr (AE 91:22) Zirconi 
It melts at 1860°C. Finely powdered zirconium can be easily ignited in air, 
Zirconium metal can be dis i i i 
Zirconium forms only one important oxide 
teric in character. The normal 
in solution giving rise chiefly 


» zirconia ZrO,, which is ampho- 
zirconium salts, like ZrCl,, are readily hydrolysed 
to zirconyl Salts, containing the divalent radical 
ZrO?*. The zirconat produced from ZrO, by fusion 
methods, Zirconium also Teadily forms complex ions like hexafluoro- 
Zirconate(IV) [ZrF,]?~, produced by he: 


ating zirconia with potassium hydrogen 
fluoride. 

Ignited zirconium dioxide, or the mineral, is insoluble in all acids except 
hydroflu - It is soluble in fused causti i 


Reactions of zirconium(. IV) [ zirconyl ZrQ2+ ] ions To study these reactions 
use a 0: IM solution of zirconyl nitrate, ZrO(NO,),.2H,0, or zirconyl chloride, 
ZrOCl,.8H,0. These Solutions must contain some free acid. 
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acids (avoid sulphuric acid). With a hot solution of a zirconium salt, a white 
precipitate of ZrO(OH), is obtained; it is sparingly soluble in dilute but soluble 
in concentrated mineral acids. Tartrates and citrates inhibit the precipitation of 


the hydroxide. 


2. Ammonia or ammonium sulphide solution : white, gelatinous precipitate of the 
hydroxide, Zr(OH), (or ZrO,.xH,0), insoluble in excess of the reagent. 


3. Sodium phosphate solution: white precipitate of zirconium phosphate, 
Zr(HPO,)2 or ZrO(H,PO,)2, even in solutions containing 10 per cent sulphuric 
acid by weight and also tartrates and citrates. No other element forms an 
insoluble phosphate under these conditions except titanium. The latter element 
can be kept in solution as peroxotitanic acid by the addition of sufficient 
hydrogen peroxide solution, preferably of ‘100-volume’ strength, before the 
sodium phosphate is introduced. 


4. Hydrogen peroxide : white precipitate of peroxozirconic acid, HOO-Zr(OH);, 
from slightly acid solutions; this liberates chlorine when warmed with con- 
centrated hydrochloric acid. When both hydrogen peroxide and sodium phos- 
phate are added to a solution containing zirconium, the precipitate is zirconium 
phosphate (see reaction 3). 


5. Ammonium carbonate solution: white precipitate of basic zirconium carbon- 
ate, readily soluble in excess of the reagent, but reprecipitated on boiling. 


6. Oxalic acid solution: white precipitate of zirconium oxalate, readily soluble 
in excess of the reagent and also in ammonium oxalate solution (difference from 


thorium). 


7. Ammonium oxalate solution: white precipitate of zirconium oxalate, soluble 
in excess of the reagent (distinction from aluminium and beryllium); the solution 
gives no precipitate with hydrochloric acid (difference from thorium). 

Note: A solution of zirconium sulphate or a zirconium salt solution con- 
taining excess sulphate ions does not give a precipitate with either ammonium 
oxalate or oxalic acid. This is due to the fact that the zirconium is present as the 
anion [ZrO(SO,)2]?~. hence sulphuric acid should be avoided in preparing 


solutions of zirconium salts. 


8. Saturated potassium sulphate solution: white precipitate of K[ZrO(SO,),], 
insoluble in excess of the reagent. When precipitation takes place in boiling 
solution, the resulting basic zirconium sulphate is insoluble in dilute hydro- 
chloric acid (difference from thorium and cerium). No precipitate is obtained 


with sodium sulphate solution. 


9. Phenylarsonic acid reagent {CgH;.AsO(OH),}: white precipitate of zir- 
conium phenylarsonate in the presence of 0-5-1 hydrochloric acid; it is best 
to boil the solution. Tin and thorium salts must be absent. 

The reagent consists of a 10 per cent aqueous solution of phenylarsonic acid. 
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10. n-Propylarsonic acid reagent 
{CH,.CH,.CH,.AsO(OH),}: 


white precipitate of zirconium n-propylarsonate in dilute sulphuric acid solution 
(separation from most other metals including titanium but not un) 
The reagent consists of a 5 per cent aqueous solution of n-propylarsonic acid. 


11. Potassium iodate solution In faintly acid solution, a voluminous, white 
precipitate of basic zirconium iodate is obtained. The precipitate is soluble in 
warm hydrochloric acid (difference from aluminium). 


12. Alizarin-S* reagent: red precipitate in a strongly acid medium. Fluorides 
discharge the colour because of the formation of the stable hexafluoro- 
zirconate(IV) ion [ZrF,]?~. a 

Place a drop of the test solution (which has been acidified with hydrochloric 
acid) on a spot plate, add a drop of the reagent and a drop of concentrated 
hydrochloric acid. A red precipitate results. 


The reagent consists of a 2 per cent aqueous solution of alizarin-S (sodium 
alizarin sulphonate). 


13. p-Dimethylaminobenzene-azo-phenylarsonic acid reagent 


n Nenen Vason, 


Acid solutions of zirconium salts give a brown precipitate with the reagent. 
If the test is conducted on filter p: 


aper, the brown precipitate remains in the 
pores of the paper and the excess of the coloured reagent may be washed out 
with dilute acid. 


Impregnate some drop-reaction paper with the reagent and dry the paper. 
Place a drop of the acid test solution on the paper. Dip the paper into 2M 
hydrochloric acid at 50-60°C. A brown spot or ring remains. 

Sensitivity: 0-1 ug Zr (in M HCl). Concentration limit: 1 in 500,000. 
he reagent is prepared by dissolving 0-1 g of p-dimethylaminobenzene-azo- 
phenylarsonic acid in 5 ml concentrated hydrochloric acid and 100 ml ethanol. 


14. Dry tests No characteri 
c 


4 stic results are obtained with the borax or micro- 
osmic beads nor does zircon: 


ium yield a distinguishing flame test. 


VI.19 URANIUM, U (A: 2 
quite soft, and melts at 1133° 

Uranium can be dissolved in dilute acids, when uranium(IV) ions, U**, and 
hydrogen gas are formed. Uranium(IV) ions can easily be oxidized to the 
hexavalent state, which is the most stable oxidation state of uranium. At this 
oxidation state, depending on the PH of the solution, two ions can be formed: 


38:03) Uranium is a grey, heavy metal. It is 


*For formula, see under Aluminium, Section 111.23, reaction 8. 
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the uranyl cation, UO3*, is stable in acid solutions, while the diuranate anion, 
U,02-, in alkaline media. The two ions are in equilibrium with each other: 


2U02* +3H,0 æ U,07" + 6H* 
Alkalizing the solution (removing H+) will shift the equilibrium towards the 
formation of U,027, while acidifying it (adding H+) will shift the equilibrium 


in the other direction. 
In this text only the reactions of uranyl ions will be described. 


Reactions of uranyl ions UO3* To study these reactions use a 0:1M solution of 
uranyl nitrate, UO,(NO3)2.6H,0 or of uranyl acetate, UO,(CH,COO),.2H,0. 


1. Ammonia solution: yellow precipitate of ammonium diuranate, insoluble in 
excess of the reagent, but soluble in ammonium carbonate or sodium carbonate, 
forming the tricarbonatouranylate(VI) ion: 


2U02* +6NH;+3H,0 > (NH,).U,0,| + 4NHz 
(NH,),U,0,| +6CO3~ +3H,O > 2[U0,(CO,),]*~ +2NH 4 + 60H- 


No precipitation occurs in the presence of certain organic acids, such as 
oxalic, tartaric, and citric acids. 


2. Sodium hydroxide solution: yellow amorphous precipitate of sodium 
diuranate, Na,U,O;, soluble in ammonium carbonate solution. 


3. Ammonium sulphide solution: brown precipitate of uranyl sulphide, UO,S, 
soluble in dilute acids and in ammonium carbonate solution. 


4. Hydrogen peroxide: pale-yellow precipitate of uranium tetroxide UO,.2H,O0 
(sometimes called uranium peroxide), soluble in ammonium carbonate solution ° 
with the formation of a deep-yellow solution. Chromium, titanium, and vana- 
dium interfere with this otherwise sensitive test. 


5. Cupferron reagent: no precipitate (distinction from titanium). 


6. Sodium phosphate solution : white precipitate of uranyl phosphate UO,HPO,, 
soluble in mineral acids but ‘insoluble in dilute acetic acid. If precipitation is 
effected in the presence of ammonium sulphate or of ammonium acetate, 
uranyl ammonium phosphate, UO,(NH,)PO, is precipitated. 


7. Ammonium (or sodium) carbonate solution: white, precipitate of uranyl 
carbonate, UO,CO3, soluble in excess of the reagent forming a clear, yellow 
solution containing the tricarbonatouranylate(VI) ion (cf. reaction 1). 


8. Potassium hexacyanoferrate (II) solution: brown precipitate of uranyl 
hexacyanoferrate(II), (UO,)2[Fe(CN)¢]; in neutral or acetic acid solutions, 
soluble in dilute hydrochloric acid (difference from copper). The precipitate 
becomes yellow upon the addition of sodium hydroxide solution, due to its 
conversion into sodium diuranate (distinction from copper and from molyb- 


denum). 
(UO,),[Fe(CN)6] + 2Na* +60H~ > Na,U,0,| +[Fe(CN),]* +3H,0 
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9. Fluorescence Uranium salts, when irradiated by ultraviolet Tays (e.g. with 
a u.v. lamp used for paper chromatography) exhibit a characteristic green 
fluorescence. The phenomenon is especially surprising if in a dark room a bottle 
containing solid uranyl nitrate or uranyl acetate is irradiated. j 3 

In solution the intensity of fluorescence depends on the pH. In acid solutions 


the fluorescence is strong, but becomes gradually weaker as the pH of the solu- 
tion is raised. 


10. Dry test Borax or microcosmic salt bead: oxidizing flame — yellow; 
reducing flame — green. 


VI.20 THORIUM, Th (4,: 232:04) Thorium is a greyish-white, not too hard, 
heavy metal, which melts at 1750°C. It can be dissolved in concentrated hydro- 


chloric acid or in aqua regia. The quadrivalent Th** cations are stable in acid 
solutions. 


Reactions of thorium(IV) ions To study these reactions use a 0- 1M solution of 


thorium nitrate Th(NO;),.4H 20 which contains a few per cent free nitric acid 
also. 


1. Ammonia, ammonium sulphide or sodium hydroxide solution : white precipi: 
tate of thorium hydroxide, Th(OH), or ThO,.xH,0, insoluble in excess of the 
reagent, but readily soluble in dilute acids when freshly precipitated. Tartrates 


and also citrates prevent the precipitation of the hydroxide. 


2. Ammonium or sodium carbonate soluti 


readily soluble in excess of the concentrated reagent forming the penta- 
carbonatothorate(IV) anion, [Th(CO),]°~. 


on: white precipitate of basic carbonate. 


3. Oxalic acid solution: white, crystalline precipitate of thorium oxalate 
Th(C,0,), (distinction from aluminium and beryllium), insoluble in exces: 
of the reagent and in 0-5m hydrochloric acid. 


4. Ammonium oxalate solution: white precipitate of thorium oxalate, whict 
dissolves on boiling with a large excess of the reagent forming trioxalato 


thorate(IV) anion, [Th{(COO),},]?~, but is Teprecipitated upon the additior 
of hydrochloric acid (difference from zirconium). 


IR Saturated potassium sulp 
potassium tetrasulphatot! 
precipitant, but soluble i 


hate solution: white precipitate of the complex sal 


horate(IV), K,[Th(SO,),4], insoluble in excess of thi 
n dilute hydrochloric acid, 


6. Hydrogen peroxide: white precipitate of hydrated thorium heptoxid 
(thorium peroxide), Th,0,.4H 


) 20 in neutral or faintly acid solution. 
The compound is not a true pe 


A Toxide, but an associate compound of thoriun 
divxide and hydrogen peroxide: ; 


2ThO,.3H,0,.H,0. 
7. Sodium thiosulphate Solution: precipitate of thorium hydroxide and sulphu 
on boiling (distinction from cerium) 


Th** +28,03° +2H0 > Th(OH),| +28] +280,f 
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8. Potassium iodate solution: white, bulky precipitate of thorium iodate, 
Th(IO,),. Precipitation occurs in the presence of 50 per cent by volume of 
concentrated nitric acid (difference from cerium(II])). 


9. Potassium hexacyanoferrate(II) solution: white precipitate of thorium 
hexacyanoferrate(II), Th[Fe(CN)g], in neutral or slightly acid solution. 


10. Potassium fluoride solution: bulky, white precipitate of thorium fluoride, 
ThF,, insoluble in excess of the reagent (distinction and method of separation 
for aluminium, beryllium, zirconium, and titanium). 


11. Saturated sebacic acid solution, {COOH.(CH,),COOH}: white volumin- 
ous precipitate of thorium sebacate, Th(C 10H 604) (difference from cerium). 


12. m-Nitrobenzoic acid reagent, (NO,.CgH,.COOH) Upon addition of 
excess reagent to a neutral solution of a thorium salt at about 80°, a white 
precipitate of the salt, Th(NO,.C,>H,.COO)z, is obtained (distinction from 


cerium). 
The reagent is prepared by dissolving | g of the acid in 250 ml water at 80°, 
allowing to cool overnight and filtering. 


VI.21 CERIUM, Ce (4,: 140-12) - CERIUM(II) Cerium is a white-grey, 
soft metal, which melts at 795°C. In its compounds cerium can be tervalent and 
quadrivalent, forming cerium(III), Ce?*, and cerium(IV), Ce**, ions respec- 
tively. 


Reactions of cerium(III) ions To study these reactions use a 0:1M solution of 
cerium(III) nitrate Ce(NO3)3.6H,0. 


1. Ammonia or ammonium sulphide solution: white precipitate of cerium(III) 
hydroxide, Ce(OH), (or Ce,03.xH,0), insoluble in excess of the precipitant, 
but readily soluble in acids. The precipitate slowly oxidizes in the air, finally 
becoming converted into yellow cerium(IV) hydroxide, Ce(OH), (or 
CeO, .xH,0). Sodium hydroxide solution gives a similar result. The precipi- 
tation is prevented by tartrates and citrates. 


2. Oxalic acid or ammonium oxalate solution: white precipitate of cerium(III) 
oxalate, insoluble in excess reagent (compare thorium and zirconium), and in 
very dilute mineral acids. 


3. Sodium thiosulphate solution: no precipitate (distinction from thorium and 
from cerium(IV) ions). 

i ion: whi lline precipitate, having 

d potassium sulphate solution: white, crystallin 
A SUL eitioa Ce,(SO4)3-3K 2504 in neutral solution and Ce,(SO,)3. 
2K SO H,O from slightly acid solution (difference from aluminium and 
2 4 

beryllium). 


5. Sodium bismuthate This reagent, in the presence of dilute nitric acid, con- 
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i ions i i i imi is obtained 

rts cerium(III) ions into cerium(IV) in the cold. A similar result is obtai 
S heating with ammonium peroxodisulphate or with lead dioxide and dilute 
nitric acid (1:2). In all cases, the solutions become yellow or orange in colour. 


6. Ammonium carbonate solution: white precipitate of cerium(III) carbonate, 
Ce,(CO3);3, nearly insoluble in excess of the precipitant (difference from beryl- 
lium, thorium, and zirconium) and insoluble in sodium carbonate solution. 


7. Hydrogen peroxide When a cerium(III) salt is treated with ammonia 
solution and excess hydrogen peroxide is added, a yellowish-brown or reddish- 
brown precipitate or colouration occurs, due to cerium peroxide gel 
(CeO,.H,0,.H,0). This is not very stable. Upon boiling the mixture, yellow 
cerium(IV) hydroxide, Ce(OH),, is obtained. The test cannot be applied directly 
in the presence of iron since the colour of iron(III) hydroxide is similar to that 
of cerium dioxide. The Precipitation of iron(II) hydroxide may be prevented 


by the addition of an alkali tartrate; this, however, reduces the sensitivity of the 
test for cerium. 


8. Ammonium fluoride solution: white, 
fluoride, CeF,, in neutral or slightly ac 
powdery upon standing. 


gelatinous precipitate of cerium(III) 
id solution. The precipitate becomes 


9. Potassium iodate solution: white precipitate of cerium(II) iodate, Ce(IO;),, 


in neutral solution, soluble in nitric acid (difference from cerium(IV) iodate; 
cf. Thorium, Section VI.20, reaction 8). 


10. Diammineargentato nitrate (ammoniacal silver nitra te) reagent: This reagent 
reacts with neutral solutions of cer 


ium(III) salts to form cerium(IV) hydroxide 
and metallic silver [difference from cerium(IV)]; the former is coloured black 
by the finely divided silver: 


Ce(OH);| + [Ag(NH,),]* + OH- 


Iron(II), Manganese(II), and cobalt(I 
hydroxides and silver 


e reagent is prepared by treatin 
solution until the 


tmed is just redissolved. The reagent should 
be freshly prepared and discarded after use. 


VI.22 CERIUM, Ce (A: 140-12) — CERIUM(IV) The most important 
physical and chemical properties of cerium have been described in Section VI.21. 
Reactions of cerium(IV) ions To study these reactions use a 0- IM solution of 
cerium(IV) sulphate, Ce(SO,),.4H,0 or cerium(IV) ammonium sulphate 
Ce(SO,)2.2(NH,),SO,.2H,0. These soluti 


rah ; utions should contain a few per cent 
of free sulphuric acid. Both solutions are orange-yellow. On standing a fine 
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precipitate is sometimes formed; it cannot be filtered easily, the clear solution 
should rather be decanted before use. 


1. Ammonia or sodium hydroxide solution: yellow precipitate of cerium(IV) 
hydroxide, Ce(OH),. If the precipitate is warmed with hydrochloric acid, 
chlorine is evolved and cerium(III) ions are formed. 


2. Oxalic acid or ammonium oxalate solution: reduction occurs, more rapidly 
on warming, to cerium(III) ions, and ultimately white cerium(III) oxalate is 
precipitated. 


3. Saturated potassium sulphate solution: no precipitate (distinction from 
cerium(III) salts). 


4. Reducing agents (e.g. hydrogen sulphide, sulphur dioxide, h iydrogen peroxide, 
and hydriodic acid) These convert cerium(IV) ions into cerium(III). 


5. Sodium thiosulphate solution: yellow colour of solution discharged and 
sulphur precipitated, owing to reduction. 


2Ce** +S,03> +H,0 > 2Ce3*+ +S] +S02- +2H* 
223 


6. Ammonium fluoride solution: yellow colour of solution is discharged but no 
precipitate is produced, due to the formation of hexafluorocerate(IV) anions, 


[CeF,]?-. 


7. Potassium iodate solution: white precipitate of cerium(IV) iodate, Ce(IO3),, 
from concentrated nitric acid solution (difference from cerium(III); thorium 
and zirconium give a similar reaction). 


8. Anthranilic acid reagent (NH,.CsH,.COOH) Cerium(IV) oxidizes 
anthranilic acid to a brown compound. Cerium(III) does not react and must be 
oxidized first with lead dioxide and concentrated nitric acid to cerium(IV); 
other oxidizing agents cannot be used, since they react with the anthranilic acid. 
Iron(III) ions inhibit the test and must be masked by the addition of phosphoric 
acid. The ions of gold and vanadium, as well as chromate ion, react similarly 
and therefore interfere. Reducing agents must be absent. à 

Place a drop of the test solution (slightly acid with nitric acid) on a spot plate 
and add a drop of a 5 per cent solution of anthranilic acid in alcohol. A blackish- 
blue precipitate appears, which rapidly passes into a soluble product and 
colours the solution brown. 

Concentration limit: 1 in 10,000. 


9. Dry test Borax bead: oxidizing flame — dark brown whilst hot and light 
yellow to colourless when cold: reducing flame — colourless. 


ion of thoriumandcerium. Ceriumand thorium salts are precipitated 
i Gita. see may be separated from the other metals of the group by 
dissolving the precipitate in dilute HCI and adding oxalic acid solution, when the 
oxalates of both metals are precipitated. The thorium and cerium may be sep- 
arated: (a) by dissolving the thorium oxalate in a mixture of ammonium acetate 
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solution and acetic acid, cerium oxalate beinginsolublé under these conditions; (6) 
by treatment with a large excess of hot concentrated ammonium oxalate solution; 
only the thorium oxalate dissolves (a complex ion being formed), and may be 


reprecipitated from the resultant solution as oxalate by the addition of hydro- 
chloric acid. 


VI.23 SEPARATION OF GROUP III CATIONS IN THE PRESENCE OF 
TITANIUM, ZIRCONIUM, THORIUM, URANIUM, CERIUM, VANA- 
DIUM, THALLIUM, AND MOLYBDENUM When in the course of the 
systematic analysis the separation of Group III cations is to be carried out, the 
solution should be tested for phosphate. If this test is positive, remove phos- 
phate (See Table V.6 in Section V.3). Among the less common ions, titanium, 
zirconium, cerium, thorium, and uranium will be completely Precipitated by 
ammonia solution, and will therefore appear together with the other Group IIIA 
cations. Vanadium will only partly be precipitated here; some of the vanadium 


Table VI.5. Separation and identification of 
Ce, Th, U, and V Dissolve the precipitate i 


Boil for 5 minutes, but no 


solution. 


in i ee eee ee 


ee 
May contain Fe(OH),; 


TiO,.xH,0; ZrO,.xH,0; 


ThO;.xH,0; 
CeO3.xH,0 (and 
some MnO,.xH,0). 

Dissolve in dilute HCI 
boil to expel Cl, and 
divide the solution into 
five parts. 

(i) Add KSCN 
solution. 

Red colouration. 

Fe present. 

(ii) If Fe present, add 
just sufficient H,PO, 
to mask iron(III) ions, 
and then H,0,. Orange- 
red colouration, dis- 
charged by the addition 
of solid NH,F. 

Ti present. 

White ppt. 
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May contain CrO2-, [Al(OH),]-, VO;~, and U,03-. f 
i HNO,, add 3-4 ml 0-25m Pb(NO;), solution, 
ammonium acetate. Stir well, filter and wash 


Se ee ae ee 
Residue Filtrate 
ee eae BLL eT 
May contain PbCrO, May contain Al?*+, UOQ3* and excess 
and Pb(VO,),. of Pb?*. Pass H.S to remove all the 
Dissolve in the Pb as PbS. Filter, wash and boil the 
minimum volume of filtrate to expel H,S. Almost neutralise 
hot 2M HNO, with NH; solution, cool and pour into 
(~5-6 ml), , an excess of concentrated (NH,),CO 
thoroughly cool the solution. Warm for 5 minutes. Allow 
resulting solution, and to stand, filter and wash. 
transfer to a small eel 
separatory funnel. Add Residue Filtrate 
an equal volume of — 
amyl alcohol, and a White: 


May contain U, 
little 6 per cent H,0,. 


Al(OH),. probably as 
Shake well and allow Al Brean [U0,(CO,)3]*~. 
the two layers to Confirm by Evaporate to a small 


Table VI.5. Separation and identification of Group IIIA cations in the presence of Ti, Zr. 
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Ce, Th, U, and V (contd.) 


> 


Zr present 
(iii) Add excess 
saturated oxalic acid 


solution (c. 10 per cent). 


White ppt. 


Th and/or Ce present. 


For separation of Th 
and Ce, see Section 
VI.22, 10. 

(iv) Evaporate to 


separate. 

A blue colouration 
in the upper layer 
indicates Cr present, 
and a red to brownish- 
red colouration in 
the lower layer 
indicates V present. 

Confirm V by the 
KCIO,-p-phenetidine 


volume acidify 
with HCI and add 
K,[Fe(CN).] 
solution. Brown ppt. 
of (UO,),[Fe(CN),] 
becoming yellow 
upon the addition of 
NaOH solution. 

U present. 


fuming with H,SO, to test. 
expel HCI. Cool, dilute, 
add HNO, and a little 
NaBiO, . Stir and allow 
to stand. 
Purple colouration. 
Mn present. 


If thallium has been found in Group I, some of it may pass into Group IIIB 
because of the solubility of thallium(I) chloride in water and be precipitated 
as T1,S. It may be readily detected by the green flame colouration, preferably 
viewed through a hand spectroscope. For the separation of thallium from the 
rest of Group IIIB cations, commencing with the sulphide precipitate, follow 
the procedure given in Table VI.6. 


Table VI.7 Separation of Tl from the rest of Group IIB cations Dissolve the precipitate 
in 2M HNO3. Expel H3S by boiling, add H,SO, and expel excess SO, again by boiling. 
Pour the solution into an excess of saturated Na,CO, solution. Filter. 


Residue Filtrate 


May contain CoCO;, NiCO;, MnCO, and ZnCO,. May contain T+. 

Dissolve in 2m HCl, remove CO, by boiling, Identify by reaction 6 in Section V1.2 

neutralize with NH3, then add (NH,),S. or by flame test (Section VI.2, reaction 
Treat the precipitate according to Tables V.24 10). 

or V.25. T) present. 


VI.24 LITHIUM, Li (4: 694) Lithium is a silver-white metal; it is the 
lightest metal known (density 0:534 g ml ~+ at 0°) and floats upon petroleum. 
It melts at 186°C. It oxidizes on exposure to air, and reacts with water forming 
lithium hydroxide and liberating hydrogen, but the reaction is not so vigorous 
as with sodium and potassium. The metal dissolves in acids with the formation 
of salts. The salts may be regarded as derived from the oxide, Li,O. : 

Some of the salts, notably the chloride, LiCl, and the chlorate, LiClO,, are 
very deliquescent. The solubilities of the hydroxide, LiOH, (113 g £~ at 10°), 
carbonate, Li,CO3, (13-1 g £" at 13°), the phosphate, Li,PO,, (0-30 g €! 
at 25°), and the fluoride, LiF, (2-7 g €~! at 18°) are less than the corresponding 
sodium and potassium salts, and in this respect lithium resembles the alkaline 


earth metals. 
Reactions of lithium ions To study these reactions use a M solution of lithium 
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chloride, LiCl; alternatively dissolve lithium carbonate, Li,CO;, in the 
minimum volume of 2m hydrochloric acid. 


1. Sodium phosphate solution: partial precipitation of lithium phosphate, 
Li,PO,, in neutral solutions; the precipitate is more readily obtained from 
dilute solutions on boiling. Precipitation is almost complete in the presence of 
sodium hydroxide solution. The precipitate is more soluble in ammonium, 
chloride solution than in water (distinction from magnesium). X 

Upon boiling the precipitate with barium hydroxide solution, it passes into 
solution as lithium hydroxide (difference from magnesium). 


2. Sodium or ammonium carbonate svtution: white precipitate of lithium car- 
bonate, Li,CO,, from concentrated solutions and in the presence of ammonia 
solution. No precipitation occurs in the presence of high concentrations of 
ammonium chloride since the carbonate-ion concentration is reduced to such 
an extent that the solubility product of Li,CO, is not exceeded: 


NH4+(C03- = NH,HCO3 


3. Ammonium fluoride solution: a white, gelatinous precipitate of lithium 


fluoride, LiF, is slowly formed in ammoniacal solution (distinction from 
sodium and potassium). 


4. Tartaric aciu, sodium hexanitritocobaltate(III) or hexachloroplatinic acid 
solution: no precipitate (distinction from potassium). A precipitate of lithium 
hexanitritocobaltate(III) is, however, produced in very concentrated (almost 


saturated) solutions of lithium salts; interference with the sodium hexanitrito- 
cobaltate(III) test for K* is therefore unlikely. 


5. Iron(III) periodate test Iron(III) salts react with periodates to yield a 
precipitate of iron(II) periodate: this precipitate is soluble in excess of the 
periodate solution and also in excess potassium hydroxide solution. The result- 
ing alkaline solution is a selective reagent for lithium, since it gives a white 
precipitate, KLiFe[106], even from dilute solutions and in the cold. Sodium 
and potassium give no precipitate; ammonium salts, all metals of Groups I to 
IV, and magnesium should be absent. 

Place a drop of the neutral or alkaline test solution in a micro test-tube, and 
add 1 drop ofm sodium chloride solution and 2 drops of the iron(II) periodate 
reagent. Carry out a blank test with a drop of distilled water simultaneously. 
Immerse both tubes for 15-20 seconds in water at 40-50°C. A white (or 
Pa) Precipitate indicates the presence of lithium ; the blank remains 
clear. 

Sensitivity: 01 ug Li. Concentration limit: | in 100,000. 
The iron(II) periodate reagent is prepared by dissolving 2 g potassium periodate 
(KIO,) in 10 ml freshly prepared 2m potassium hydroxide solution, diluting 
with water to 50 ml, adding 


r te ng 3 ml of 0-5m iron(II) chloride solution and diluting 
to 100 ml with 2m potassium hydroxide solution. The reagent is stable. 


6. Ammoniuin carbonate solution ( microscope test) Lithium carbonate, when 
freshly formed, has a characteristic appearance under the microscope. 
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Place a drop of the concentrated test solution on a microscope slide. Introduce 
a few minute specks of sodium or ammonium carbonate. Some lithium carbon- 
ate crystals are formed immediately. Examine under the microscope (magni- 
fication: 200 diameters): the crystals are in the form of either hexagonal stars 
or plates (compare CaSO,.2H,0, Section III.33, reaction 10). - 
The cations of the alkaline earth metals and of magnesium must be absent. 
Concentration limit: 1 in 10,000. 


7. Dry test Flame colouration. Lithium compounds impart’a carmine-red 
colour to the non-luminous Bunsen flame. The colour is masked by the presence 
of considerable amounts of sodium salts, but becomes visible when observed 
through two thicknesses of cobalt glass. 

The most distinctive test utilizes the spectroscope; the spectrum consists of 
a beautiful red line at 671 nm. 


8. Separation of lithium from other alkali metals. In order to separate lithium from 
the other alkali metals, they are all converted into the chlorides (by evaporation 
with concentrated hydrochloric acid, if necessary), evaporated to dryness, and the 
residue extracted with absolute alcohol which dissolves the lithium chloride only. 
Better solvents are dry dioxan (diethylene dioxide, C,H,O,) and dry acetone. 
Upon evaporation of the extract, the residue of lithium chloride is (a) subjected to 
the flame test, and (b) precipitated as the phosphate after dissolution in water and 
adding sodium hydroxide solution. 


VI.25 THE BORAX BEAD TEST IN THE PRESENCE OF LESS COM- 
MON CATIONS The borax bead test has been described in Section II.6. 


Table VI.7 Borax bead tests in the presence of Mo, Au, W, U, V, Ti, and Ce 


Oxidizing flame Reducing flame Metal 

Hot Cold Hot Cold 

1, Green Blue Colourless Opaque red or Copper 
brown 

2. Yellowish-brown Yellow Green Green Iron 

3. Yellow Green Green Green Chromium 

4. Violet(amethyst) Amethyst Colourless Colourless Manganese 

5. Blue Blue Blue Blue Cobalt 

6. Violet Reddish-brown Grey Grey Nickel 

7. Yellow Colourless Brown Brown Molybdenum 

8. Rose-violet Rose-violet Red Violet Gold 

9. Yellow Colourless Yellow Yellow-brown Tungsten 

10. Yellow Pale yellow Green Bottle-green Uranium 

11. Yellow Greenish-yellow Brownish Emerald-green Vanadium 

12. Yellow Colourless Grey Pale-violet Titanium 

13. Orange-red Colourless Colourless Colourless Cerium 


pi kas itt eS OS AN ee 
Results, obtainable with the more common metals as well as with molybdenum, 
gold, tungsten, uranium, vanadium, titanium, and cerium are listed in Table VI.7. 

In certain circumstances the borax bead test is inconclusive, but it can be 
supplemented by the microcosmic salt bead test (see Section II.2. 6. and Table 
11.4), Thus, tungsten can be detected through the blue colour obtained after 
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heating in a reducing flame and cooling; the same metal, when fused with a trace of 
iron(II) sulphate displays a blood-red colour. In the case of titanium the micro- 
cosmic salt test leads to the following results: in a reducing flame in hot a yellow 


colour appears, turning to violet in cold; again, if iron(II) sulphate is present, the 
bead shows a blood-red colour. 
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REAGENTSOLUTIONSANDGASES Thereagentsare listed alphabetically. 
Oneasterisk * indicates thata reagent hasa limited stability and should not be kept 
for longer than 1 month. Two asterisks ** indicate that the reagent should be 
prepared freshly and discarded after use. Reagents with no asterisk can be kept for 
at least one year after preparation. 

Albumin solution.* Dissolve 0-1 g albumin in 20 ml water to obtain a colloid 
solution. 

Acetic acid (concentrated, ‘glacial’). The commercial concentrated or glacial 
acetic acid is a water-like solution with a characteristic smell, having a density 
of 1:06 g cm~°. It contains 99:5% (w/w) of CH,;COOH (1:06 g CHCOOH 
per ml) and is approximately 17:6 molar. When cooled to 0°C, the reagent 
freezes forming ice-like crystals, hence the name ‘glacial’. It has to be handled 


with care. 
Acetic acid (1:1 or 9M). To 50 ml water add 50 ml glacial acetic acid and mix. 
Acetic acid (30% viv). Dilute 30 ml glacial acetic acid, CH;COOH, with 
water to 100 ml. 
Acetic acid (2M). 
Acetone. The pure solvent i 


Dilute 114 ml glacial acetic acid with water to 1 litre. 
s a clear colourless liquid with a characteristic 
odour. Its specific gravity is 0:79 g cm~? and it boils at 56-2°C. 

Acetylacetone. CH;.CO.CH,.CO.CH3. The commercial reagent is a 
colourless, sometimes yellowish liquid with a density of 0:97 gcm 7°. It boils 


at 137°C. oe 
Alizarin (saturated solution in ethanol). To 2 g alizarin, C,4HgO,, add 10 ml 
ethanol and shake. Use the clear solution for the tests. 


Alizarin-hydrochloric acid solution. Mix 19 ml saturated alcoholic solution of 
alizarin and | ml of 2M hydrochloric acid. 


Alizarin—rubeanic acid-salicylaldoxime reagent (for paper chromatography).** 
Dissolve 20g alizarin, C,4H04, 0:1 g rubeanic acid, NH,.CS.CS.NH>, 
and 1 g salicylaldoxime, C,H,CH(NOH)OH, in 100 ml of 96% ethanol. 

Alizarin-S (2%). Dissolve 2g alizarin-S (sodium alizarinsulphonate), 
C,,4H,O,-SO3Na.H,0, in 100 ml water. i Me as 

Alizarin-S (01%). Dissolve 0-1 g alizarin-S (sodium alizarinsulphonate), 


C '$O,Na.H,0, in 100 ml water. 
i ai chloride (0-33m). Dissolve 80-5 g aluminium chloride hexahydrate, 


AICl,. , in water and dilute to | litre. i 
REA sulphate (0:17M). Dissolve 107-2 g aluminium sulphate hexadeca- 
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hydrate, Al,(SO,)3.16H_0, in water and dilute to | litre. Alternatively, dissolve 
158-1 g aluminium potassium sulphate icosytetrahydrate (potash alum), 
K,SO,.Al,(SO,),.24H,0, in water and dilute to 1 litre. p : ? 
Aluminon (0-1 %).** Dissolve 0-1 g aluminon (tri-ammonium-aurine-tri- 
carboxylate), C.,H,4Oo, in 100 ml water. y S 
p-Amino-dimethylaniline hydrochloride (1%).* Dissolve 1 g p-amino-NN- 
dimethylaniline dihydrochloride, HN .C,H,.N(CH3),.2HCI, in 100 ml water. 
Ammonia solution (concentrated). The commercial concentrated ammonia 
solution is a water-like liquid with a characteristic smell, owing to the evapora- 
tion of ammonia gas. It has a density of 0:90 g cm~3, contains 58:6% (w/w) 
NH; (or 0:53 g NH; per ml), and is approximately 15-1 molar. It should be 
handled with care, wearing eye protection. Direct smelling of the solution should 
be avoided. The solution should be kept far apart from concentrated hydro- 
chloric acid to avoid the formation of ammonium chloride fumes. 
Ammonia solution (1:1, approx. 75M). To 500 ml water add 500 ml con- 
centrated ammonia solution and mix. 
Ammonia solution (2m). Dilute 134 ml 
water to | litre. 
Ammonia solution (1-5m 
to 1 litre. 


Ammonia solution (2:5%). Dilute 5 ml concentrated ammonia with water 
to 100 ml. 


concentrated ammonia solution with 


). Dilute 100 ml concentrated ammonia solution, 


Ammonia solution (0-1M). Dilute 5 ml 2m ammonia with water to 100 ml. 

Ammonia solution (002m). Dilute 1 ml 2m ammonia with water to 100 ml. 

Ammonium acetate (10M). Dissolve 77 g ammonium acetate, CH,COONH,, 
in water and dilute the solution to 100 ml. 

Ammonium carbonate (m).* 
(NH,),CO,, in water and dilute to 
cooled before use to remove amm 


Dissolve 96:1g ammonium carbonate, 
l litre. Aged reagents must be boiled up and 
onium carbaminate from the solution. 

Ammonium carbonate (concentrated).* Shake 20 g ammonium carbonate, 
(NH,),CO,, with 80 ml water. Allow to stand overnight and filter. Prepare the 
reagent freshly. 


Ammonium chloride (saturated). To 4 g ammonium chloride add 10 ml water. 
Warm the mixture on a water bath, and use the clear, supernatant liquid of the 
cooled mixture as a reagent. 

Ammonium chloride (20%). Dissolve 20 g ammonium chloride, NH,Cl, in 
water and dilute to 100 ml 


_Ammonium chloride (mM). Dissolve 53-5 g ammonium chloride in water and 
dilute the solution to 1 litre. 


Ammonium chloride (1 %). Dissolve 1 g ammonium chloride, NH,Cl, in water 
and dilute to 100 ml. 

Ammonium chloride-ammonium sulphide wash solution. Dissolve 1g 
ammonium chloride in 80 ml water, add 1 ml of M ammonium sulphide and 
dilute the solution to 100 ml. 

Ammonium fluoride (0-1M). Dissolve 3-7 & ammonium fluoride, NH,F, in 
water and dilute to 1 litre. 

Ammonium iodide (10%). Dissolve 10 g ammonium iodide, NH,I, in water 
and dilute to 100 ml. 

Ammonium metavanadate (0-1m 


u 4). Dissolve 11-7 g ammonium metavanadate, 
NH,VO;, in 100 ml of m sulphuric acid and dilute with water to 1 litre. 
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Ammonium molybdate (0:25m for molybdenum).* Dissolve 44-2 g ammonium 
molybdate, (NH,)sMo7024.4H,0, ina mixture of 60 ml concentrated ammonia 
and 40 ml water. Add 120 g ammonium nitrate and after complete dissolution 
dilute the solution to 1 litre. Before use, the solution, to which the reagent is 
added, must be made acid by adding nitric acid. 

Ammonium molybdate (0-025m).* Dilute 1 ml of 0-25M ammonium molybdate 
with water to 10 ml. 

Ammonium molybdate—quinine sulphate reagent.* Dissolve 4 g finely powdered 
ammonium molybdate, (NH,)sMo7,0,,.4H,O, in 20 ml water. Add to this 
solution, with stirring, a solution of 0-1 g quinine sulphate, C2>H24N20>. 
H,SO,.2H,0, in 80 ml concentrated nitric acid. 

Ammonium nitrate (M). Dissolve 80 g ammonium nitrate, NH,NO3, in water 
and dilute to 1 litre. 

Ammonium nitrate (2%). Dissolve 20 g ammonium nitrate, NH,NO3, in 
water and dilute the solution to 1 litre. 

Ammonium nitrate wash solution.** Dissolve 0:5 g ammonium nitrate, 
NH,NO;, in 10 ml water and saturate the solution with hydrogen sulphide gas. 

Ammonium oxalate (0: 17M or 2:5 %). Dissolve 25 g ammonium oxalate mono- 
hydrate, (COONH,)2.H,0, in 900 ml water and after complete dissolution 
dilute to 1 litre. 

Ammonium oxalate (0: 1M). Dissolve 14-2 g ammonium oxalate monohydrate, 
(COONH,),-H,0, in water and dilute to 1 litre. i 

Ammonium peroxodisulphate (M).* Dissolve 22:8 g ammonium peroxodisul- 
phate, (NH4)2520s» in water and dilute to 100 ml. : 

Ammonium peroxodisulphate (0-1Īm).* Dissolve 22:8 g ammonium peroxo- 
disulphate, (NH4)2520x, in water and dilute to 1 litre. } 

Ammonium polysulphide (M). To | litre ammonium sulphide solution (M) add 
32 g sulphur, and heat gently until the latter dissolves completely and a yellow 
solution is formed. The formula of the reagent is (NH,)2S:, where x is approx. 2. 

Ammonium sulphate (saturated). Mix 45 g ammonium sulphate, (NH,),SO,, 
and 50 ml water. Heat the mixture on a water bath for 3 hours and allow to cool. 


Use the clear supernatant liquid for the tests. A 
Ammonium sulphate (m). Dissolve 132 g ammonium sulphate, (NH,)2SO,, 


i ilute to 1 litre. 
i y ater ane! sulphide (m).* Saturate 500 ml ammonia solution (2M) with 
hydrogen sulphide, until a small sample (1 ml) of the solution does not cause 
any precipitation in magnesium sulphate (M) solution. Then add 500 ml 
ammonia solution (2M). Store the solution in a well-stoppered bottle. The 
solution must be colourless. Yellow or orange cone indicates that considerable 
i ent in the solution. 
amounts of polysulphide are presen e Care O,, in 50 ml water 


Ammonium tartrate (6m).* Dissolve a 4 1 
and add 50 ml concentrated ammonia solution. The solution contains an excess 


of ammonia. mth 2 To 

i tetrathiocyanatomercurate(II) (0-3m).** Dissolve 9 g niin 
thiocyanate, NH,SCN, and 8g mercury(I) chloride, HgCl,, in water and 
Tacs See aerate (0:Im). Dissolve 7-61 g ammonium thiocyanate, 

i d dilute to | litre. 

ne ee AA TAN (saturated solution in acetone).* Shake 1 g ammonium 
thiocyanate, NH,SCN, with 5 ml acetone, and use the clear supernatant liquid 
for the tests. er 
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i i lourless 
Amyl acetate, CH. COOC.H, ,. The commercial reagent isa clear co! 
Hanah a pleasant odour. It has a density of 0-87 g ml“? and boils at 138°C. 


colourless oily liquid, which 
darkens on longer standing. Its density is 1-02 g ml-!. 


%)-* Dissolve 1 g aniline sulphate (C35H;NH,),.H,SO, 
in 100 ml of water. 


Anthranilic acid (5°%).* Dissolve 0-5 g anthranilic acid NH,.C,H,.COOH 
in 10 ml of ethyl alcohol. 


Antimony(IM) chloride (0:2M).* Dissolve 45-6 g antimony/(III) chloride SbCl, 
in 200 ml of 1+1 hydrochloric acid and dilute the solution to l litre. Alterna- 
tively, take 29-2 g antimony(III) oxide SB,O,, and dissolve it in 250 ml of 1:1 
hydrochloric acid by heating the mixture ona water bath. After cooling dilute the 
solution to 1 litre. 

Aqua regia.** To 3 volumes of concentrated hydrochloric acid add 1 volume 
of concentrated nitric acid. Mix and use immediately, the solution does not 
keep at all. 


Arsenic trioxide (arsenious acid) (0-IM for arsenic; POISON). Boil 9-89 g 
arsenic trioxide with 500 ml water until complete dissolution. Cool the solution 
and dilute with water to 1 litre. 

Ascorbic acid (0-05m)** Dissolve 0:9 g ascorbic acid in 100 ml water. 

Barium chloride (0:25). Dissolve 61:1 g barium chloride dihydrate, 
BaCl,.2H,0, in water and dilute to 1 litre. 

Barium nitrate (0:25M). Dissolve 65-3 g barium nitrate, 
and dilute to | litre, 

Baryta water (saturated). Shake 5 g barium hydroxide octahydrate, 
Ba(OH),.8H,0, with 100 ml water. Allow to stand for 24 hours. Use the clear 
Supernatant liquid for the tests. 


zene, The commercial solvent is a clear, 
teristic odour. It has a Specific weight of 0-878 
highly inflammable. 
%-Benzoin oxime (5% in alochol),** Dissolve 5 g benzoin oxime, C,H,. 
CH(OH).C(NOH).C,H,, in 95% ethanol and dilute with the solvent to 100 ml. 
Beryllium sulphate (O-1m). Dissolve 1 


i 7-7 g beryllium sulphate tetrahydrate, 
BeSO,.4H,0 in water and dilute to | litre, 


Bismuth nitrate (0:2m). To 500 ml water add cautiously 50 ml concentrated 
nitric acid, HNO 


c 3- Dissolve 97-0 g bismuth nitrate pentahydrate, Bi(NO 

5H30, in this mixture, and dilute with water to 1 litre. 

Bromine water (saturated).** Shake 4 g (or | ml) liquid bromine with 100 ml 
water. Ensure that a s l ved bromine is left at the bottom 
of the mixture. The so en handling bromine, exercise 
utmost care; use rubber gloves and eye protection always. 

Bromothymol blue (0:04 %). Dissolve 40 
ethanol. 

n-Butyl alcohol (butan-1-ol), The commerci 
liquid with a characteristic odour. It has a de 
116°C. 

Cacothelyne (0:25%),* 


Ba(NO,),, in water 


colourless liquid with a charac- 
gcm™? and boils at 80°C. It is 


3)3 


al solvent is a clear, colourless 
nsity of 0:81 g cm™° and boils at 


Dissolve 0:25 g cacothelyne (nitrobruciquinone 
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hydrate, C,,H,,07N3) in 100 ml water. 

Cadmium acetate (0-5m). Dissolve 13:7 g cadmium acetate dihydrate, 
Cd(CH,COO),.2H;0, in water and dilute to 100 ml. 

Cadmium carbonate suspension (freshly precipitated).** To 20 ml of 0:5M 
cadmium acetate add 20 ml of 0:5m sodium carbonate solution. Allow the 
precipitate to settle and wash 4-5 times with water by decantation. 

Cadmium sulphate (0-25M). Dissolve 64-13 g tricadmium sulphate octahydrate 
3CdSO,.8H,0 in water and dilute to 1 litre. 

Calcium chloride (0°5M). Dissolve 109-5 g calcium chloride hexahydrate, 
CaCl, .6H,0, in water and dilute to 1 litre. If the solid reagent is not pure 
enough, weigh.50 g calcium carbonate into a large porcelain dish, add slowly 
100 ml of 1:1 hydrochloric acid, waiting after the addition of a new portion until 
effervescence ceases, then evaporate the mixture to dryness and dissolve the 
residue in water. Dilute finally to | litre. 

Calcium nitrate (saturated). Mix 80g calcium nitrate tetrahydrate, 
Ca(NO;)2.4H,0, and 20 ml water. Heat the mixture on a water bath until 
complete dissolution. Allow to cool. 

Calcium sulphate (saturated). Shake 0:35 g calcium sulphate monohydrate, 
CaSO,.H,0, with 100 ml water. Allow the mixture to stand for 24 hours and 
use the clear supernatant liquid for the tests. 

Carbon dioxide gas. This gas can be obtained from a Kipp apparatus using 
calcium carbonate pieces (broken marble) and 1: 1 hydrochloric acid. The gas 
should be washed with concentrated sulphuric acid. 

Carbon tetrachloride. The commercial reagent is a colourless liquid with a 
characteristic smell. It has a high density (1:59 g cm” °) and a high refractive 
index (1:46). Although it is not inflammable, it should be kept together with 
other organic solvents in a metal box or cupboard. 

Cellosowe C,H,O.CH,.CH,OH (2-ethoxyethanol, ethylene glycol mono- 
ethyl ether). The commercial solvent is a clear liquid with a characteristic odour. 
It has a density of 0:93 g cm™° and boils at 134°C. ; 

Cerium(III) nitrate (0-1m). Dissolve 43:5 g cerium(II1) nitrate hexahydrate, 
Ce(NO;)3.6H29, in 100 ml 2M nitric acid and dilute with water to 1 litre. 

Cerium(IV) sulphate (0-Im). Dissolve 40-4 g of cerium(IV) sulphate tetra- 
hydrate, Ce(SO,)2-4H20, or 63:6 g cerium(IV) diammonium sulphate di- 
hydrate, Ce(SO,)2-2(NH,)2S04.2H20, in a cold mixture of 500 ml water and 
50 ml concentrated sulphuric acid, and dilute the solution with water to 1 litre. 

Chloramine-T (0:05m).** ee nie l i g chloramine-T, CH, . C6H4. S02. N. 

in water and dilute to | litre. 
ATI gas is available commercially in steel cylinders and should 
be'taken from these. Alternatively, it can be produced in a Kipp apparatus (with 
glass joints only) from calcium hypochlorite (bleaching powder) and 1:1 hydro- 
chloric acid. It is advisable to mix the bleaching powder with some gypsum 
powder, making the mixture wet, to produce lumps of the reagent. After drying 
these lumps can be placed into the Kipp apparatus. Ne 

Chlorine water (about 0-1m).** Saturate 200 ml of water with chlorine gas. 
Chloroform. The commercial reagent isa colourless liquid with a characteristic 
smell, Chloroform vapour should not be inhaled; it causes drowsiness. a pan a 
high density (147 g cm” °) and a high refractive index (1-44). Although it is not 
inflammable, it should be kept together with other organic solvents in a metal 


box or cupboard. 
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Chromic acid (25%). Pour 25 ml chromosulphuric acid cautiously, with 
constant stirring, into 70 ml water. After cooling, dilute the solution with water 
eS at chloride (0:33M). Dissolve 88-8 g chromium(III) chloride 
hexahydrate, CrCl3.6H,0, in water and dilute to | litre. 

Chromium(IIl) sulphate (0-167m). Dissolve 110-4 g chromium(III) sulphate 
pentadecahydrate,.Cr,(SO,);.15H,0, in water and dilute to | litre. " 

Chromosulphuric acid (concentrated). To 100 potassium or sodium 
dichromate (K,Cr,0, or Na,Cr,0,) add | litre concentrated sulphuric acid. 
Stir the mixture occasionally and keep it in a stoppered vessel. Because of its 
strong oxidizing and dehydrating properties handle the solution with the greatest 
care (eye glasses, rubber gloves). Its cleansing action is slow but effective; best 
results are obtained if the mixture is left overnight in the vessel to be cleaned. 
Used portions should be poured back into the stock of the mixture. As the 
brownish colour changes slowly to green, discard the solution. 

Chromotropic acid (saturated).** To 0-1 g chromotropic acid (1 ,8-dihydroxy- 
naphthalene-3,6-disulphonic acid; sodium salt) C, oH,O,S,Na, add 5 ml water, 
mix thoroughly, and use the pure supernatant liquid for the tests. 

Cinchonine-potassium iodide reagent (1%).* Dissolve 1 g cinchonine in a 
mixture of 99 ml water and | ml dilute nitric acid (2m) by boiling, let the mixture 


cool and dissolve 1 g potassium iodide, KI, in the solution. The reagent is stable 
for 2 weeks, 


Cobalt(Il) acetate (01m). Dissolve 2:5 g cobalt(II) acetate tetrahydrate, 
(CH;COO),Co.4H,0, in 100 ml water. 

Cobalt(M) chloride (0°5M). Dissolve 119 g cobalt 
CoCl,.6H,0, in water and dilute to 1 litre. 

Cobalt(II) nitrate (0:5M). Dissolve 146 g cobalt(II) nitrate hexahydrate, 
Co(NO;),.6H,0, in water and dilute to 1 litre. 

Cobalt(I1) thiocyanate (10%).** Dissolve 1 
CO(CH;COO),.4H,0in5 mi 
thiocyanate, NH,SCN, in 5 m 


(II) chloride hexahydrate, 


ated hydrochloric acid. Heating 
d to the solution strips of bright copper, which should 
be left there. 

Copper(II) sulphate (0:25m). Dissolve 62:42 g copper sulphate entahydrate, 
I. in water and dilute to | litre. anes p 5 i 

oppe: sulphate (0:197), Dissolve 0:1 g copper sul hate pentahydrate, 

CuSO,.5H,0, in 100 N ae aes : 2 i 

Copper sulphide Suspension.** 
CuSO,.5H,0 in 100 mi water, 
duce hydrogen sulphide gas un 
must be freshly prepared. 

Cupferron (2 %).** Dissolve 2 g cupferron, C,H.. i 
water. The solution does not keep well, Addition of | Bonne UE 
(NH,),CO,, enhances the stability. : 

Diammineargentatonitrate (O-IM).** To 10 ml 
ammonia solution, until the Precipitate first form 
the unused reagent, because on Standing it forms 
serious explosions. 


Dissolve 0:12 g Copper sulphate pentahydrate 
add 5 drops of 2M ammoniy solution and intro- 
til the solution becomes cloudy. The suspension 


0- IM silver nitrate add 2M 
ed is just redissolved. Discard 
Silver azide which May cause 
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Diammonium hydrogen phosphate (0°5M).* Dissolve 66g diammonium 
hydrogen orthophosphate, (NH,)2HPO,, in water and dilute to 1 litre. 

Diazine green (0:01 %). Dissolve 0:01 g diazine green (Janus green, Colour 
Index 11050) in 100 ml water. 

Diethyl ether. The commercial product is a clear, colourless, mobile liquid, 
which is highly inflammable. It has a density of 0:71 g cm™ 3. It should be kept 
in a metal box or cupboard. 

p-Dimethylaminobenzene-azo-phenyl-arsonic acid (0-1%).** Dissolve 0:1 g 
4/-dimethylaminoazobenzene-4-arsonic acid, (CH3).N.C,H,.N:N. 
C,H,AsO(OH),, in 5 ml concentrated hydrochloric acid, and dilute with 
ethanol to 100 ml. 

p-Dimethylaminobenzylidene-rhodanine (0-3 % in acetone).** Dissolve 30 mg 
commercial p-dimethylaminobenzylidene-rhodanine reagent in 10 ml acetone. 

Dimethyl glyoxime (1%). Dissolve 1 g dimethyl glyoxime, CH;.C(NOH). 
C(NOH).CHs3, in 100 ml ethanol. ‘ 

B,B’-Dinaphthol (0:05%).* Dissolve 0:05 g di-B-naphthol, (C\oH,OH)p, in 
100 ml concentrated sulphuric acid. 

Dinitro-p-diphenylearbazide (0:1%).** Dissolve 0:1 g pp’-dinitro-sym.- 
diphenyl] carbazide, CO(NH.NH.C,H,.NO,)2, in 100 ml ethanol. 

Dioxan (1,4-dioxan, diethylene dioxide), C,HgO2. The commercial solvent is 
a clear, colourless liquid, with a characteristic odour. It has a density of 
1:42 g cm73. The liquid freezes at 11-5°C and boils at 101°C. À 

Diphenylamine (0:5 %).* Dissolve 0-5 g diphenylamine, (C6H5)}NH, in 85 ml 
concentrated sulphuric acid, and dilute the solution with the greatest care with 
water to 100 ml. e 

Diphenylcarbazide (1% alcoholic solution).** Dissolve 0-10 g sym.diphenyl- 
carbazide, (CsH;.NH.NH),CO, in 10 ml of 96% ethanol. The solution de- 
com rapidly if exposed to air. 

Dioheaytenrhaside (02% solution with acetic acid).** Dissolve 0:2 g sym. 
dipheny! carbazide, (CsHs “NH.NH),CO, in 10 ml glacial acetic acid and dilute 
the mixture to 100 ml with ethanol. i ? 

Diphenyithiocarbazone (dithizone) (0:005%).* Dissolve 5 mg dipbenyihio 
carbazone Githzone)) C.Hs.N:N.CS.NH.NH.C¢H;, in 100ml carbon 

i loroform. z s ; 
Meare %),** Boil a mixture of 02g dipicrylamine (hexaniko 
diphenylamine), [CsH2(NO,)s]2 NH, 4 ml of 0:5m sodium carbonate an m 


zool and filter. Use the filtrate for the tests. ; 
ee oii roe at.* Dissolve 0:01 g of the solid reagent in 0:5 ml O-Im 
h dr chloric acid alternatively, dissolve 0:01 g of the reagent in O5 ml 
‘hat : and it is worthwhile to use the minimum 


ethanol. The reagent 1s very expensive, 


poaa ee arsenate (0:25M). Dissolve 76 g disodium hydrogen 
arsenate, Na HAsO;,.7H20, in water and dilute the solution to minsa i 
Disodium hydrogen phosphate (0:033M). Dissolve 12g droim Ayao 
orthophosphate dodecahydrate, Na,HPO,.12H20, or 6g o jum X ropen 
orthophosphate dihydrate, Na,HPO,.2H20, or ae an! y ipus isodium 
hydrogen orthophosphate, Na,HPO,, in water and dilute to | litre. 


FAA z iocarbazone. f 
Dithizone. See diphenylthioc® The commercial product contains about 


1) (96%). uct 
dea anes a density of 0°81 gcom >. It is inflammable and 
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should be kept in a metal box or cupboard. 

Ethanol (80%). To 80 ml 96% ethanol add 16 ml water. ; } 

Ethylamine (m). Dissolve 4:5 g ethylamine, C,H;NH,, in water and dilute 
to 100 ml. Alternatively, dilute 7 ml of 70% ethylamine solution with water to 
100 ml. Í 

Ethylenediamine (diamino-ethane). The commercial product is a liquid with 
a density of 0-90 g cm73. i 

Ferron (0:2%).* Dissolve 0:2 g ferron (8-hydroxy-7-iodoquinoline-5-sul- 
phonic acid), C,H,O,NSI, in 100 ml water. 

Fluorescein reagent. To 1 g fluorescein, C,oH,20; (Colour Index 45350), 


add a mixture of 50 ml ethanol and 50 ml water. Shake, allow to stand for 
24 hours, and filter the solution. 


Formaldehyde solution (40%). Commercial formaldehyde solution contains 
about 40 g HCHO per 100 ml. It normally contains some methanol as stabilizer. 
It has a characteristic, pungent odour. If kept cold for long periods, solid 
paraldehyde separates from the solution. 


Formaldehyde (10 °%).* Dilute 10 ml of 40 % formaldehyde solution (formalin) 
with 30 ml water. 


Formaldehyde (4°%)-sodium carbonate (0:05M) reagent.** To 50 ml water 
add 10 ml 0:5m sodium carbonate and 10 ml 40% formaldehyde solution, and 
dilute the mixture to 100 ml. The reagent decomposes on standing. 

Fuchsin (0:1 %). Dissolve 0:1 g fuchsin (magenta, Colour Index 42500) in 
100 ml water. 

Fuchsin (0:015 %). Dissolve 0-015 g fuchsin (magenta, Colour Index 42500) 
in 100 ml water, 


Gallocyanine (1 %).** Dissolve l g gallocyanine, C,;H,,0,N,, in 100 ml 
water. 


Gold(IIN) chloride (0:33M for gold). Dissolve 13:3 g sodium tetrachloro- 
aurate(III) dihydrate, NaAuCl,.2H,0, in water and dilute to 100 ml. Alter- 


natively, dissolve 6-57 g gold metal in 50 ml aqua regia, evaporate the solution 
to dryness, and dissolve the residue in 100 ml water. 


Hexachloroplatinic(IV) acid (26% or 0:5M). Dissolve 2:6 g hexachloro- 
platinic(IV) acid, H,[PtCl,].6H,0, in 10 ml water. 


Hydrazine sulphate (saturated).* To 2 g hydrazine sulphate, N,H,H,SO,, 
add 5 ml water and saturate the solution by vigorous shaking, 

Hydrochloric acid (concentrated, ‘fuming’). The commercial concentrated 
hydrochloric acid is a water-like solution with a characteristic smell, and is 
‘fuming’ owing to the evaporation of hydrogen chloride gas. It has a density of 
1:19 g cm73, contains 36:0% (w/w) HCl (or 0-426 g HCI per ml), and is approxi- 
mately 11:7 molar. The reagent should be stored far away from concentrated 
ammonia to prevent the formation of ammonium chloride fumes. It should be 
handled with care, using eye protection. 

Hydrochloric acid (6M, 1: 1). To 500 ml 


loric. water add 500 ml concentrated 
hydrochloric acid, and let th 


solution cool to room temperature. 
Hydrochloric acid (3M). To 500 mi 


‘droct i ; l water add 265 ml concentrated hydro- 
chloric acid, and dilute with water to 1 litre. 

Hydrochloric acid (2m). Pour 170 ml concentrated hydrochloric acid into 
800 ml water stirring constantly, an 


1 5 d dilute with water to 1 litre. 
Hydrochloric acid (0:5 m). Dilute 4:5 ml concentrated hydrochloric acid with 
water to 100 ml. 
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Hydrochloric acid (0:1m). Dilute 20 ml 0:5m hydrochloric acid with water 
to 100 ml. 

Hydrogen peroxide (concentrated).* Commercial concentrated hydrogen 
peroxide (so called ‘100 volume’) solution contains 30% (w/w) of H,0,. 
Sometimes it contains small amounts of sulphuric acid or organic material as 
stabilizer. It should be handled with care. 

Hydrogen peroxide (10 %).* To 30 ml concentrated (30%) hydrogen peroxide 
add 60 ml water and mix. 

Hydrogen peroxide (3%, approx. M).* Dilute 100 ml concentrated (‘100 
volume’) hydrogen peroxide with water to | litre. 

Hydrogen sulphide gas. This gas can be obtained from a Kipp apparatus, 
using solid iron(II) sulphide, FeS, and 1:1 (6m) solution of hydrochloric acid. 
The gas can be washed by bubbling it through water. 

Hydrogen sulphide (saturated solution, about 0: 1M).** Saturate 250 ml water 
with hydrogen sulphide gas, obtained from a Kipp apparatus. The solution 
contains approximately 4g H,S per litre. The solution will keep for about 
1 week. 

Hydroxylamine hydrochloride (10%).* Dissolve 10 g hydroxylamine chloride, 

NH,OH.HCI, in water and dilute to 100 ml. 

8-Hydroxyquinoline (5 %).* Dissolve 5 g 8-hydroxyquinoline, C,H;ON, in a 
mixture of 90 ml water and 10 ml of m sulphuric acid. The reagent is stable for 
Several months. (int 

8-Hydroxyquinoline (2%, in acetic acid).* Dissolve 2 g 8-hydroxyquinoline, 
C,H,ON, in 100 ml 2m acetic acid. ) com 

8-Hydroxyquinoline (1% in alcohol).* Dissolve 1 g 8-hydroxyquinoline, 
C,H,ON, in 100 ml of 96 % ethanol. : e 

Hypophosphorous acid (50%). The commercial reagent contains 49-53% 
pure HPO, and has a density of 1:2 g cm™ 3, Dilute the solution with 4 volumes 
of water for the tests. 

Indigo solution (1%). Dissolve 0-1 g indigo, C,H, 902N2 (Colour Index 
73000), in 10 ml concentrated sulphuric acid. ; 

Indole (0:015%). Dissolve 15 mg indole, C,H,.NH.CH.CH, in 100ml 
rand (potassium tri-iodide) (0:05m). Dissolve 12:7 g iodine, 1,, and 25 g 
potassium iodide, KI, in water, and dilute to 1 litre. Do not handle iodine with 
a metal or plastic spatula: use a spoon made of porcelain or glass. j 

Iodine (potassium tri-iodide) (0:005m). Dilute 10 ml 0-05m iodine solution with 


frei alie (0:5m). Dissolve 135-2 g iron(II) chloride hexahydrate in 
water, add a few millilitres concentrated hydrochloric acid if necessary, and 
dilute with water to 1 litre. If the solution turns dark, add more hydrochloric 
acid k : l 

í i date, KIO,, in 

iodate reagent.* Dissolve 2 g potassium periodate, Mg 

i 2m potassium hydroxide solution. Dilute with water to 
50 ml, add Sal of 0:5 iron(III) chloride solution and dilute with 2M potassium 
eT ).** To 1 g iron(II) sulphate, FeSO,.7H,O, add 


ted S ] 
Ra SaS Cate cold. Decant the supernatant liquid, which should 


t should be prepared freshly. 
lve 139 g iron(II) sulphate heptahydrate, 


5 ml water. Shake we! 
be used for the tests. The reagen 
Tron(I1) sulphate (0:5M).* Disso 
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r 196 g iron(II) ammonium sulphate hexahydrate (Mohr’s salt, 

ean concn Oo} Aai mixture of 500 ml water and 50 ml m 
sulphuric acid, and dilute the solution with water to | litre. : 

Iron(IIl) sulphate (25%). Heat 5 g iron(II!) sulphate, Fe,(SO,)3, with 15 ml 
water. After complete dissolution and cooling dilute with water to 20 ml. 

Iron(II1) thiocyanate (0-05m). Dissolve 1-35 g iron(II) chloride hexahydrate, 
FeCl, .6H,0, and 2 g potassium thiocyanate, KSCN, in water and dilute the 
solution to 100 ml. 


Lanthanum nitrate (01M). Dissolve 4-33 g lanthanum nitrate hexahydrate, 
La(NO,)3.6H,0, in 100 ml water. 
Lead acetate (0:25m). Dissolve 95 g lead acetate trihydrate, Pb(CH,COO),. 

3H,0, in a mixture of 500 ml water and 10 ml glacial acetic acid, CH,COOH, 
and dilute the solution with water to 1 litre. 


Lead acetate (0:0025m). Dilute 1 ml of 0-25m lead acetate solution with water 
to 100 ml. 


Lead nitrate (025m) Dissolve 82-8 g lead nitrate, Pb(NO;),, in water and 
dilute to 1 litre. 

Lime water (saturated).* Shake 5g calcium hydroxide, Ca(OH),, with 
100 ml water. Allow to stand for 24 hours. Use the clear supernatant liquid for 
the tests. 

Lithium chloride (m). Dissolve 42-4 g anhydrous lithium chloride, LiCl, or 
60:4 g lithium chloride monohydrate LiCl.H,O in water and dilute to 1 litre. 

Magnesia mixture (0:5m for Magnesium). Dissolve 102 g magnesium chloride 
hexahydrate, MgCl,.6H,0, and 107 g ammonium chloride, NH, Cl, in water, 
dilute to 500 ml, add 50 ml concentrated ammonia and dilute the solution to 
1 litre with water. 

Magnesium chloride (OSM). Dissolve 101-7 g magnesium chloride hexa- 
hydrate, MgCl, .6H,0, in water and dilute the solution to 1 litre. 

Magnesium nitrate reagent (ammoniacal) (0-5m for magnesium). Dissolve 
128 g magnesium nitrate hexahydrate, Mg(NO;),.6H,0, and 160 gammonium 


nitrate, NH,NO,, in water, add 50 ml concentrated ammonia and dilute with 
water to | litre. 


magnesium sulphate hepta- 
20, in water and dilute to | litre. 

). Heat 7 g manganese(II) chloride tetra- 
ter on a water bath until complete dissolu- 
supernatant liquid for the tests. 


To 7g manganese(II) chloride 
tetrahydrate, MnCl, .4H,0, add 5 ml concentrated hydrochloric acid. Shake, 


reagent.* Dissolve 2:87 g manganese(II) 
nitrate hexahydrate, Mn(NO,),.6H,0, in 40 ml water. Add a solution of 
3:55 g silver nitrate, AgNO , in 40 ml water and dilute the mixture to 100 ml. 
Neutralize the solution with 2m sodium hydroxide until a black precipitate is 
starting to form. Filter and keep the solution in a dark bottle. 


Manganese(II) nitrate-silver nitrate-potassium fluoride reagent.* To 100 ml 
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manganese(II) nitrate-silver nitrate reagent add a solution of 3:5 g potassium 
fluoride in 50 ml water. Boil, filter off the dark precipitate in cold, and use the 
clear solution for the tests. 

Manganese(II) sulphate (saturated). Shake 4g manganese(II) sulphate 
tetrahydrate, MnSO,.4H,O, with 6 ml water. Allow to stand for 24 hours. 
Use the clear supernatant liquid for the tests. 

Manganese(II) sulphate (0:25M). Dissolve 55-8 g manganese(II) sulphate 
tetrahydrate, MnSO,.4H,0, in water and dilute to 1 litre. 5 

Mannitol (10 %).* Dissolve 10 g mannitol, C,H, ,O,, in water, and neutralize 
the solution with 0-01M sodium hydroxide against bromothymol blue indicator, 
until the colour of the solution just turns to green. 

Mercury(I) chloride (calomel) suspension.* To 5 ml of 0:05M mercury(I) 
nitrate add 1 ml of 2m hydrochloric acid. Wash the precipitate 5 times with 
10 ml water by decantation. Suspend the precipitate finally with 5 ml water. 

Mercury(II) chloride (5% in alcohol). Dissolve 1 g mercury(II) chloride, 
HgCl,, in 20 ml ethanol. 

Mercury(II) chloride (saturated). Shake 7 g mercury(II) chloride, HgCl., 
with 100 ml water. Allow to stand for 24 hours and use the clear supernatant 
liquid for the tests. 

Mercury(II) chloride (0:05M). Dissolve 13-9 g mercury(I1) chloride, HgCl., 
in water and dilute to | litre. \ t 

Mercury() nitrate (0:05m).* Dissolve 28-1 g mercury(I) nitrate dihydrate, 
Hg,(NO;),.2H,0, in a cold mixture of 500 ml water and 10 ml concentrated 
nitric acid. Dilute with water to 1 litre. Add 1 drop of pure mercury metal to 
prevent oxidation. y 

Mercury(I}) nitrate (0:05M). Dissolve 17.1 g mercury(II) nitrate monohydrate, 
Hg(NO3)2.H.20, in water and dilute the solution to 1 litre. ; 

Mercury(II) sulphate reagent (0:2m). To 40 ml water add cautiously 10 ml 
concentrated sulphuric acid with constant stirring. Dissolve in this mixture 


2:2 g mercury(II) oxide. : i 
Methanol (methyl alcohol). The commercial product is a clear, colourless 
odour. It boils at 647°C and has a density 


liquid with a_characteristic } 
oaea It is POISONOUS (causing blindness and ultimately death) 


and should therefore never be tasted. ; A bot wy 
Methyl acetate, CH,COO.CH3. The commercial solvent is a liquid with a 


dour. It has a density of 0:93 g cm ~. 
ear sets blue (0:1 %). Dissolve 0:1 g methylene blue (Colour Index 52015) 


Se E -CO-C,H, (butan-2-one). The commercial product 


thyl ketone CH z x 
is beeen with a characteristic odour. It has a density of 0:803 g cm~? 


ili int of 80°C. : 
and a boiling point o (tetrahydrosylvan), C;H,.0. The commercial 


- Itetrahydroxyfuran 2 ili 
Tas S clear liquid with a density of 0:85 g cm~? and a boiling range of 
79-80°C. * Dissolve 10 g potassium iodide in 10 ml water (solution a). 


Bee eatin chloride in 100 ml water (solution b). Dissolve 45 g 
potassium hydroxide in water and dilute to 80 ml (solution c). Add solution b 
to solution a dropwise until a slight permanent precipitate 1s formed, then add 
solution c, mix, and dilute with water to 200 ml. Allow to stand overnight and 
decant the clear solution, which should be used for the test. 
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Nickel chloride (05M). Dissolve 119g nickel chloride hexahydrate, 
NiCl,.6H,0, in water and dilute to 1 litre. 
Nickel sulphate (0-5m). Dissolve 140 g nickel sulphate reagent (approx. 
composition NiSO,.7H,0) in water and dilute to 1 litre. j 
Nitrazine yellow (0:1 %). Dissolve 0-1 g of nitrazine yellow (2,4-dinitro- 
benzeneazo)-1-naphthol-4,8-disulphonic acid, disodium salt, (Colour Index 
14890) in 100 ml water. une ae 
Nitric acid (concentrated). The commercial concentrated nitric acid is a 
water-like solution with a density of 1-42 gcm7?. It contains 69:5% (w/w) 
HNO, or 0:99 g HNO, per millilitre. It is approx. 15-6 molar. Nitrous fumes 
make the somewhat decomposed reagent reddish-brown. It should be handled 
with utmost care, wearing gloves and eye protection. 
Nitric acid (83%). Mix 68-0 ml concentrated (70%) nitric acid with 66:2 ml 
fuming (95 %) nitric acid. 
Nitric acid (1:1 or 8m). To 500 ml water add cautiously 500 ml concentrated 
nitric acid. 
Nitric acid (2m). Pour 128 ml concentrated nitric acid into 500 ml water, and 
dilute to | litre. 
Nitric acid (0:4). Dilute 20 ml of 2m nitric acid with water to 100 ml. 
o-Nitrobenzaldehyde (0-5%).* Dissolve 5 mg of 2-nitrobenzaldehyde, 
NO,.C,H,.CHO, in 1 ml of 2m sodium hydroxide. 
p-Nitrobenzene-azo-a-naphthol (0-5 %)-* Dissolve 0:5 g 4-(4-nitrophenylazo)- 
I-naphthol (magneson II), NO,.C.H,.N:N.C,oH,.OH, in a mixture of 
10 ml 2m sodium hydroxide and 10 ml water. Dilute the solution to 100 ml. 
p-Nitrobenzene-azo-chromotropic acid (0-005 %).* Dissolve 5 mg 4-(4-nitro- 
phenylazo)-chromotropic acid, sodium salt (Chromotrope 2B, Colour Index 
16575) in 100 ml of concentrated sulphuric acid. 
p-Nitrobenzene-azo-orcinol (0:025 %)-* Dissolve 25 mg 4-(4-nitrophenylazo)- 


orcinol, NO,.C,H,.N:N.C,H2(OH),.CH;, in 50 ml of 2m sodium hydroxide, 
and dilute the solution with water to 100 ml. 


p-Nitrobenzene-azo-resorcinol (0:'5%).* Dissolve 0:5 g 4-nitrobenzene-azo- 
resorcinol [4-(4-nitrophenylazo)-resorcinol or magneson], NO,.C,H,.N:N. 


C.H,(OH),CH,, in a mixture of 10 ml 2m sodium hydroxide and 10 ml water. 
Dilute the solution with water to 100 ml. 
p-Nitrobenzene-diazonium chloride Treagent.** Dissolve 1 g 4-nitroaniline, 


NO,.C,H,.NH,, in 25 ml 2m hydrochloric acid and dilute with water to 
160 ml. Cool, add 


Co 20 ml of 5 per cent sodium nitrite solution and shake until 
the precipitate dissolves. The reagent becomes turbid on keeping but can be 
employed again after filtering. 

m-Nitrobenzoic acid (saturated).* Dissolve 1 g 3-nitrobenzoic acid, NO). 
C.H,.COOH, in 250 ml water by heating the mixture on a water bath. Allow 
to cool and filter. 

Nitron reagent (5 
acid. 

4-Nitrophthalene-diazoamino-azobenzene (0-02 %).** Dissolve 0:02 g Cadion 
2B, NO, .C;oH.-N:N.NH.C.H,.N:N.C,H,, in 100 ml ethanol to which 
1 ml 2m potassium hydroxide is added. 

a-Nitroso-B-naphtol (1%). Dissolve 1 g 1-nitroso-2-naphtol, C,9H,(OH)NO, 
in 100 ml of 1:1 acetic acid. Instead of acetic acid 100 ml ethanol or acetone 
may be used. 


%).* Dissolve 5 g nitron (C20H,6N4) in 100 ml 2m acetic 
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Osmium tetroxide (1 %). Dissolve 1 g osmium tetroxide (osmic acid), OsO,, 
in 10 ml M H,SO, and dilute with water to 100 ml. The solution is available 
commercially. 

Oxalic acid (saturated). Shake 1 g oxalic acid dihydrate, (COOH),.2H,O, 
with 10 ml water, and use the clear supernatant liquid for the tests. 

Oxalic acid (0°5m). Dissolve 63 g oxalic acid dihydrate, (COOH),.2H,O, 
in water and dilute to 1 litre. 

Oxalic acid (2%). Dissolve 2 g oxalic acid dihydrate, (COOH),.2H,0, in 
100 ml water. 

Oxine. See 8-hydroxyquinoline. 

Palladium chloride (1%). Dissolve 1 g palladium chloride, PdCl,, in water 
and dilute to 100 ml. 

Perchloric acid (concentrated). The concentrated perchloric acid solution 
is a clear, colourless liquid with a density of 1:54 g cm~? and contains 60% 
(w/w) HCIO, (or 0:92 g HCIO, per ml). It is approximately 9-2 molar. 

Perchloric acid (2M). Dilute 216 ml concentrated perchloric acid with water 
to 1 Kitre. 

o-Phenanthroline (0:1%). Dissolve 0:1 g 1,10-phenanthroline hydrate, 
C,,H,N,.H,0, in 100 ml water. 

p-Phenetidine hydrochloride (2%).* Dissolve 2 g p-phenetidine, C,H;.0. 
C.H,.NH,, in 5 ml concentrated hydrochloric acid and dilute with water to 
1 litre (complete dissolution may take place only after dilution). ‘ 

p-Phenetidine (0:1%).* Dissolve 0-1 g p-phenetidine, C,H;OC,H,NH,, in 
100 ml 2m hydrochloric acid. i ; 
Phenolphthalein (0-5 %). Dissolve 0:5 g phenolphthalein, C,H,(COOH). 


CH(C,H,OH),, in 100 ml ethanol. f 
eee acid (10%).** Shake 1 g phenylarsonic acid, CsHsAsO(OH),, 


with 10 ml water. ? 
Phenylhydrazine reagent.* Dissolve 1 g phenylhydrazine, CeHs.NH.NH3, 
in 2 ml glacial acetic acid. 
Phosphomolybdic acid (5%). 
icosytetrahydrate, H;PO,.12MoO; .24H 
Jl. E ie 7 
i pees acid (concentrated). Concentrated phosphoric acid is a viscous, 
clear, colourless liquid with a high density (1:75 g cm~ *). It contains 88 per cent 
(w/w) H,PO, (or 1°54 g HPO, per ml) and is approximately 16 molar. 
Phosphoric acid (m). Dilute 63-7 ml concentrated phosphoric acid with water 


pita dele acid (saturated).* Shake 1 g picrolonic acid, C,9H,O;N,, with 
5 ml water, and use the clear supernatant liquid for the tests. Beate 
Potassium acetate (M). Dissolve 98-1 g potassium acetate, CH; yin 


ilute to 1 litre.. ; ] 
ena m imanie (0-2m). Dissolve 105g potassium. antimonate, 
K[Sb(OH)s], in water and dilute the solution to 200 ml. Alternatively, dissolve 
6:47 g antimony(V) oxide, Sb,O;, in 100 ml 1:1 hydrochloric acid and dilute 


i ither solution keeps well. 
LEE R oi) Dissolve 80:1 g potassium benzoate, C,H;COOK, 


Potassium benzoate « 
in water and dilute to 1 litre. east che ad alee 
i saturated). To 7g potassium romate, Be 
ee cet Allow to stand for 24 hours and use the clear, super- 
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natant liquid for the tests. 


Potassium bromate (0:1M). Dissolve 16-7 g potassium bromate, KBrO}, in 
water and dilute to 1 litre. d , ; 

Potassium bromide (0: 1m). Dissolve 11-9 g potassium bromide, KBr, in water 
and dilute to 1 litre. t 

Potassium chlorate (saturated). To 7g potassium chlorate, KCIO,, add 
100 ml water and shake. Allow to stand for 24 hours and use the clear super- 
natant liquid for the tests. 


Potassium chlorate (0:1m). Dissolve 12:6 g potassium chlorate, KCIO,, in 
water and dilute the solution to 1 litre. 

Potassium chloride (saturated). To 30 g potassium chloride add 70 ml water 
and heat on a water bath until all the solid dissolves. Pour the hot solution into 
a 100 ml reagent bottle and allow to cool. Some solid KCI will crystallize on 
cooling. Use the clear liquid for the reactions 


Potassium chloride (m). Dissolve 74:6 g potassium chloride, KCl, in water 
and dilute to 1 litre. 

Potassium chromate (saturated). To 60 g potassium chromate add 100 ml 
water and heat on a water bath. After complete dissolution allow to cool. Use 
the clear supernatant liquid for the tests. 


Potassium chromate (0'1m). Dissolve 19:4 g potassium chromate, K,CrO,, 
and dilute the solution to 1 litre. 


Potassium cyanate (0:2). Dissolve 16-2 g potassium cyanate, KOCN, in 
water and dilute the solution to 1 litre. 

Potassium cyanide ( 10%).** (POISON) Dissolve 1 & potassium cyanide, 
KCN, in 10 ml water. Discard the solution immediately after use. 

Potassium cyanide (m).* (POISON) Dissolve 0-61 g potassium cyanide, KCN, 
in 10 ml water. Discard the Teagent immediately after use. 

Potassium cyanide (0:1M).* (POISON) Dissolve 0-61 g potassium cyanide in 
water and dilute to 100 ml. The solution should not be stored for long because 
it takes up carbon dioxide from the air releasing hydrogen cyanide gas 


2CN™ + CO, +H,0 + 2HCNî +CO?- 


so the solution smells like hydrogen cyanide. 
Potassium dichromate (0-IM). Dissolve 29- 
K,Cr,0,, in water and dissolve to 1 litre. 
Potassium fluoride (O-1M). Dissolve 5:81 g anhydrous potassium fluoride, 
KF, in water and dilute to | litre. 
Potassium hexacyanocobaltate(III) reagent (4%). Dissolve 4g potassium 
hexacyanocobaltate(III 


i ) (potassium cobalticyanide) K,[Co(CN),] and 1g 
potassium chlorate, KCIO3, in water and dilute to 100 ml. 
Potassium hexacyanoferr: 


i ate(II) (potassium ferrecyanide) (0:025M). Dissolve 
10°5g potassium hexacyanoferrate( Il) trihydrate, K a[Fe(CN),].3H,0, in 
water and dilute to 1 litre. 

Potassium hexacyanoferrate(III) (potassium ferricyanide) (0:033m).* Dissolve 
10:98 g potassium hexacyanoferrate( Ill), K3[Fe(CN),], in water and dilute to 
l litre. 

Potassium hydroxide (2m). To 112 g potassium hydroxide, KOH, add 50 ml 
water. Stir the mixture several times, until all the Solid dissolves. The mixture 
warms up considerably. Allow to cool 


N and dilute with water to 1 litre. 
Potassium iodate (0:1M). Dissolve 21-4 8 potassium iodate, KIO}, in 500 ml 


42 potassium dichromate, 
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hot water. Allow to cool and dilute to 1 litre. 

Potassium iodide (6M).** Dissolve 5 g potassium iodide, KI, in 5 ml water. 

Potassium iodide (10%). Dissolve 1 g potassium iodide, KI, in water and 
dilute to 10 ml. 

Potassium iodide (0-1M). Dissolve 16-6 g potassium iodide, KI, in water and 
dilute to 1 litre. 

Potassium nitrate (0: 1M). Dissolve 10-1 g potassium nitrate, KNOs, in water 
and dilute the solution to 1 litre. 

Potassium nitrite (saturated).** To 2 g potassium nitrite, KNO}, add 1 ml 
water and shake in the cold. Use the clear supernatant liquid for the test. 

Potassium nitrite (50°%).** Dissolve 5 g potassium nitrite, KNO,, in 5m 
water. The solution decomposes within a few hours. 

Potassium nitrite (0: 1M).** Dissolve 0-9 g potassium nitrite, KNO,, in water 
and dilute to 100 ml. 

Potassium periodate (saturated).* To 0:1 g potassium periodate add 20 ml 
water and heat on a water bath until dissolution. Allow to cool and use the clear 
supernatant liquid for the tests. 

Potassium permanganate (0:02m). Dissolve 3:16 g potassium permanganate, 
KMnO,, in water and dilute to | litre. 

Potassium permanganate (0-004). Dilute 4 ml 0:02mM potassium perman- 
ganate solution with water to 20 ml. 

Potassium peroxodisulphate (0-1M).* Dissolve 27:0 g potassium peroxo- 
disulphate K,S,0g, in water and dilute to 1 litre. ; 

Potassium selenate (0:1M). Dissolve 22:1 g potassium selenate, K,SeO,, in 
water and dilute to | litre. 


Potassium sulphate (saturated). Shake 10 g 
90 ml water. Allow to stand for 24 hours and use the clear, supern: 


for the tests. 
Potassium tellurite ( 

water and dilute to | litre. 
Potassium thiocyanate (10 

W . . 
Posin thiocyanate (01M). Dissolve 9:72 g potassium thiocyanate, 


KSCN, in water and dilute to | litre. ee 
Peale acid (5 %).** Dissolve 0:5 g propylarsonic acid, CH;CH,CH, 


in 10 ml water. wom ri 
PR The pure solvent is a clear, colourless liquid with a characteristic 
odour. It has a specific gravity of 0:98 g cm™° and boils at 113°C. 
Pyrocatecho! (10%).* Dissolve 10g catechol (o-dihydroxybenzene), 
C.H,(OH),, in water and dilute to 100 ml. : 
oe i (10%).* Dissolve 0:5 g pyrogallol, C,H3(OH)3, in 5 ml water. 
Th decomposes slowly. ' 
pee ays? i 1 g pyrrole, C4H5N, in 100 ml of (aldehyde-free) 


ct . . . 
fale acid (1 %).* Dissolve 1 g quinaldic acid, CioH702N, in 5 ml 2m 
sodi ‘de and dilute with water to 100 ml. : 
fou RS ay in NaOH).* Dissolve 0:05 g quinalizarin in a mixture of 
50 mal eas and 5 ml 2M sodium hydroxide. Dilute the solution with water to 


l m . : > 
paral (0:05 %) in pyridine.* Dissolve 0:01 g quinalizarin (1,2,5,8- 
o 


potassium sulphate, K,SO,, with 
atant liquid 


0:1M). Dissolve 25:4 g potassium tellurite, K,TeOs, in 


%). Dissolve 1 g potassium thiocyanate in 10 ml 
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tetrahydroxyanthraquinone) in 2 ml pyridine, and dilute the solution with 
acetone to 20 ml. J dered 

Quinalizarin (0:02 %).* Dissolve 0-02 g quinalizarin (1,2,5,8-tetrahydroxy- 
anthraquinone) in 100 ml ethanol. 

Rhodamine-B (0:01%). Dissolve 0-01 g rhodamine-B, C,,H3,N,03 
(Colour Index 45170), in 100 ml water. For the preparation of a more con- 
centrated solution see Section III.15, reaction 7. 

Rochelle salt. See sodium potassium tartrate. 

Rubeanic acid (0:5 %).** Dissolve 0:5 g rubeanic acid [or dithio-oxamide] 
NH,.CS.CS.NH, in 95 per cent ethanol and dilute the solvent to 100 ml. The 
solution decomposes rapidly and should be prepared freshly each time. 

Rubeanic acid (0:02 %).** Dissolve 20 mg rubeanic acid (dithio-oxamide), 
NH,.CS.CS.NHz, in 100 ml glacial acetic acid. The reagent should be pre- 
pared freshly. 

Salicylaldoxime (1 %).* Dissolve 1 g Salicylaldoxime, C,H,.CH(NOH).OH, 
in 5 ml cold ethanol (96 %) and pour the solution dropwise into 95 ml water at 
a temperature not exceeding 80°C. Shake the mixture until clear, and filter 
if necessary. 

Sebacic acid (saturated). Mix 5 g sebacic acid (C,Hg,COOH), with 95 ml 
water and shake. Allow to stand for 24 hours and use the clear supernatant 
liquid for the tests. 

Selenious acid (0:1m). Dissolve 11-1 g selenium dioxide, 
dilute to | litre. 

Silver nitrate (20 
to 10 ml. 


Silver nitrate (0-1m). Dissolve 16:99 g silver nitrate, 
dilute to 1 litre. Keep the solution in a dark bottle. 

Silver sulphate (saturated, about 0:02M). To 1 g silver sulphate, Ag,SO,, add 
100 ml water and shake. Allow to stand for 24 hours, and use the clear super- 
natant liquid for the tests. Alternatively, heat the mixture on a water bath until 
complete dissolution, and allow to cool. 

Silver sulphate (ammoniacal) (0-25m).** Dissolve 7:8 g silver sulphate, 
Ag,SO,, in 50 ml 2M ammonia solution, and dilute with water to 100 ml. The 


reagent should be prepared freshly and discarded after use. Aged reagents 
might cause serious explosions. 


Sodium acetate (saturated). Dissolve 53g sodium acetate trihydrate, 
CH3COONa.3H,0, in 70 ml hot water. Allow to cool and dilute to 100 ml. 


Sodium acetate (2M), Dissolve 272 g sodium acetate trihydrate, CH,COONa. 
3H,0, in water and dilute to 1 litre. 


Sodium arsenate (0-1m). Dissolve 31-2 g disodium hydrogen arsenate hepta- 
hydrate, Na,HAsO,.7H,0, in water to which 10 ml Meet ated hydrochloric 
acid was added. Dilute the solution to | litre. 

Sodium arsenite (01M). Dissolve 13-0 g sodium meta-arsenite, NaAsO,, in 
water and dilute to 1 litre. i 

Sodium azide-iodine reagent.* Dissoly. 
0:05 iodine (sodium tri-iodide) solutio; 


SeO,, in water and 


7%). Dissolve 2 g silver nitrate, AgNO3, in water and dilute 


AgNO, , in water, and 


e 3 g sodium azide, NaN;, in 100 ml 
n. 
Sodium carbonate (saturated, about 1-SM). Dissolve 4 hydrous sodium 
earbonate, Na,CO3, in 25 ml water. ea 
Sodium carbonate (0:5M). Dissolve 53 g anhydrous sodium carbonate, 
Na,CO3, in water and dilute to 1 litre. 
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Sodium carbonate (0:05m). Dilute 10 ml 0:5m sodium carbonate with water 
to 100 ml. 

Sodium chloride (M). Dissolve 58:4 g sodium chloride, NaCl, in water and 
dilute to | litre. 

Sodium chloride (0:1M). Dissolve 5°84 g sodium chloride, NaCl, in water 
and dilute to | litre. 

Sodium citrate (0: 5M).* Dissolve 147 g sodium citrate dihydrate, Na,C,H,O,. 
2H,0 in water and dilute to 1 litre. 

Sodium disulphide (2m).* First prepare 100 ml 2m sodium sulphide. Add to 
this liquid 8 g finely powdered sulphur, and heat on a water bath for 2 hours. Stir 
the mixture from time to time. Let the yellow solution cool and filter if necessary. 
The composition of the product is uncertain; the formula Na,S, is often used 
and the substance called sodium polysulphide. With the amounts of reagents 
mentioned x is approximately equal to 2. 

Sodium dithionite (0-5m).** Dissolve 10:5 g sodium dithionite dihydrate, 
Na,S,0,.2H,0, in water and dilute to 100 ml. The solution should be freshly 
prepared. 

Sodium ethylenediamine tetra-acetate (5%). Dissolve 5 g sodium ethylene- 
diamine tetra-acetate dihydrate, [CH,N(CH,COOH).CH,.COONa],.2H,0 
(Na,EDTA), in water and dilute to 100 ml. 

Sodium fluoride (0:1M). Dissolve 4-2 g sodium fluoride, NaF, in water and 
dilute to 1 litre. 

Sodium formate (M).* Dissolve 68 g sodium formate, H.COONa, in water and 


dilute to 1 litre. ; zi 

Sodium hexafluorosilicate (0: 1M).* Dissolve 18:8 g sodium hexafluorosilicate, 
Na,[SiF,], in water and dilute to 1 litre. ; 

Sodium hexanitritocobaltate(III) (0:167M).* Dissolve 6'73 g sodium hexa- 
nitritocobaltate(III) (sodium cabaltinitrite) in 100 ml water. 

Sodium hydrogen carbonate (10%). Dissolve 10 g sodium hydrogen carbonate 
in 80 ml cold water, by shaking. Dilute the solution to 100 ml. 

Sodium hydrogen carbonate (0-5). Dissolve 42:0 g sodium hydrogen carbon- 
ate, NaHCO; , in water and dilute to 1 litre. ' 

Sodium hydrogen tartrate (saturated).* To 10g sodium hydrogen tartrate 
monohydrate C,H;,O¢NA.H.0, add 100 ml water and shake. Allow to stand 
fo d use the clear supernatant liquid for the tests. : 

EIIN (concentrated). To 5g solid sodium hydroxide, NaOH, 
add 5 ml water and mix. Dissolution is slow first but becomes rapid as the mix- 
t the cold liquid for the tests. — Eep ; 
SA A (20% ,5M). Dissolve 20 g sodium hydroxide in 30 ml water; 
after dissolution dilute the solution to 100 ml. Keep the solution in a plastic 


b . 
ich hydroxide (2M). To 80 g solid sodium hydroxide, NaOH, add 80 ml 


i i - d mix its contents 
i in the beaker with a watch glass an í n 
Fee arial i ing this process ensures a quick dis- 


| and dilute with water to 1 litre. 


Dilute 0:5 ml ras 
A repared freshly. 4 

ae dine soliton honte To 50 ml freshly prepared bromine water 

ae aR ee voside dropwise, until the solution becomes colourless 

(about 50 ml is needed). 
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ium hypochlorite (m).** This reagent is available commercially as a 
een or can be prepared in the laboratory by saturating 2M sodium hydroxide 
solution with chlorine gas. This operation must be carried out in a fume 
cupboard. Y à . 

Sodium hypophosphite (0:1m).** Dissolve 0:88 g sodium hypophosphite, 
NaH,PO,, in water and dilute to 100 ml. 

Sodium metaphosphate.** Heat 1 g ammonium sodium hydrogen phosphate 
(microcosmic salt), NH,NaHPO, .4H,0, in a porcelain crucible until no more 
gases are liberated. Dissolve the cold residue in 50 ml water. The reagent must 
be prepared freshly. 

Sodium metavanadate (0: 1M). Dissolve 12:2 g sodium metavanadate, NaVO3, 
in 100 ml M sulphuric acid and dilute with water to 1 litre. 

Sodium nitrite (5 %).** Dissolve 5 g sodium nitrite, NaNO,, in water and 
dilute to 100 ml. 

Sodium nitroprusside reagent. Rub 0:5 g sodium nitroprusside dihydrate, 
Na,[Fe(CN);NO].2H,0, in 5 ml water. Use the freshly prepared solution. 

Sodium 1-nitroso-2-hydroxy-naphthalene-3,6-disulphonate (1%).* Dissolve 
1 g sodium 1-nitroso-2-hydroxynaphthalene-3,6-disulphonate [Nitroso R-salt, 
C,oH4(OH) (SO;Na),NO] in 100 ml of water. 

Sodium oxalate (0-1m). Dissolve 13-4 g sodium oxalate in water and dilute to 
1 litre. 

Sodium peroxide (0:5m).** Dissolve 3-9 
and dilute to 100 ml. The solution must be prepared freshly. 

Sodium phosphite (0: 1M).** Dissolve 2:16 g sodium phosphite pentahydrate, 
Na,HPO3.5H,0, in water and dilute the solution to 100 ml. The reagent 
should be prepared freshly. 

Sodium potassium tartrate (10°/).* Dissolve 10 g sodium potassium tartrate 
tetrahydrate, KNaC,H,0,.4H,O (Rochelle salt or Seignette salt), in water 
and dilute to 100 ml. 

Sodium potassium tartrate (0-1M).* Dissolve 28-2 g sodium potassium tartrate 
tetrahydrate, KNaC,H,0,.4H,O (Rochelle salt or Seignette salt), in water 
and dilute to 1 litre. 

Sodium pyrophosphate.** Heat 1 g disodium hydrogen phosphate, 
Na,HPO,.2H,0, in a porcelain crucible until no more water is liberated. 
Dissolve the cold residue in 50 ml water. The reagent must be prepared freshly. 

Sodium rhodizonate (0-5 °/).* Dissolve 0:5 g sodium rhodizonate (rhodizonic 
acid, sodium salt C,0,Na,) in 100 ml water. The solution decomposes rapidly. 

Sodium salicylate (0: 


; 5M). Dissolve 80 g sodium salicylate, C,H ,(OH)COONa, 
in water and dilute to 1 litre. 


Sodium selenate (Q1m). Dissolve 36-9 g sodium selenate decahydrate, 
Na,SeO,.10H,0, in water and dilute to 1 litre. 
Sodium selenite (0:1m). Dissolve 17:3 g sodium selenite, Na,SeO,, in water 
and dilute to 1 litre. 
Sodium silicate (m).* Dilute 200 ml commercial (30 
with water to 1 litre. 
ium succinate (0:5M). Dissolve 135g sodium i te, 
E peon, oio in water and dilute to l litre. A dasiobhaie ce 
um sulphate (0:1M). Dissolve 32:2 sodi 
Na,SO,.10H,0, in water and dilute to 1 ite: Woda ee 
Sodium sulphide 


g sodium peroxide, Na,O,, in water 


Yo) Water glass solution 


(2M). To 16 g solid sodium hydroxide, NaOH, add 20 ml 
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water. Cover the beaker with a watch glass and shake the mixture gently, until 
complete dissolution. Dilute the mixture with water to 100 ml. Take 50 ml of 
this solution and saturate with hydrogen sulphide gas. Then add the rest of the 
sodium hydroxide solution to the latter. 

Sodium sulphite (0-5m).* Dissolve 6:3 g anhydrous sodium sulphite, Na,SO,, 
or 12:6 g sodium sulphite heptahydrate, Na,SO3.7H,0, in water and dilute to 
100 ml. 

Sodium tellurate (0:1M). Dissolve 27:-4g sodium tellurate dihydrate, 
Na,TeO,.2H,0, in water and dilute to | litre. 

Sodium tellurite (0: 1M). Dissolve 22:2 g sodium tellurite, Na,TeO3, in water 
and dilute to | litre. 

Sodium tetraborate (0-1M). Dissolve 38-1 g sodium tetraborate decahydrate 
(borax), Na,B,0,.10H,0, in water and dilute to | litre. 

Sodium tetrahydroxo stannate(II) reagent (0°125m).** To 2 ml 0:25m tin(II) 
chloride add 2m sodium hydroxide solution under vigorous shaking, until the 
precipitate just dissolves (about 2 ml of the latter is needed). The reagent 
decomposes rapidly, it has to be prepared freshly each time. 

Sodium tetraphenyl boron (0-1M).** Dissolve 3:42 g sodium tetraphenyl 
boron, Na[B(C,Hs)4], in 100 ml water. The solution does not keep well. ` 

Sodium thiosulphate (0:5m). Dissolve 124:1 g sodium thiosulphate penta- 
hydrate, Na,S,03.5H,0, in water and dilute to 1 litre. 

Sodium thiosulphate (0:1M). To 2 ml 0-5M sodium 
water and mix. ; 

Sodium tungstate (0:2m). Dissolve 65:97 g sodium tungstate dihydrate, 


Na,WO,.2H,0, in water and dilute to 1 litre. 
Starch solution.* Suspend 0-5 g soluble starch in 5 ml water, and pour this 


into 20 ml water, which has just ceased to boil. Mix. Allow to cool, when the 


thiosulphate add 8 ml 


solution becomes clear. i i 
Strontium chloride (025M). Dissolve 66:7 g strontium chloride hexahydrate, 

i ter and dilute to 1 litre. 
SrCl,.6H,0, in water a cil EAT a 


Strontium nitrate (0-25m). Dissolve 52:9 g strontium 


ilute to | litre. 

eee ee sulphate (saturated). Shake 0-1 g strontium sulphate, SrSO,, with 
100 ml water and allow to stand for at least 24 hours. Use the clear supernatant 
liquid for the tests. 
Sulphur dioxide gas. This gas is availa 
aluminium canisters, from which it can 
duced from sodium sulphite and 1:1 sulph 
be placed into a round-bottomed flask, whi 
a funnel with a stopcock, inserted into-one 0 
some sulphuric acid to the solid and by gentle 
coming through thesecond opening of theflask, an 


Supe acid, i d aqueous solution.** Bubble 
ioxide (sulphurous acid), saturated aq ' 
T TIA cae e through a thin glass tube into 200 ml water, until the 
Sı W EaR s saturated. The gas can be taken from a cylinder or can be 
Sia pees dium sulphite and 1:1 sulphuric acid. The solution should 


generated from solid so 
be well stoppered. j pa e a 
ic aci centrated). The commercial reagent 1 p 
aE Wes density (1°84 gcm °). It contains 98% (w/w) H250, 
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ble commercially in a liquefied state in 
be taken. Alternatively it can be pro- 
huric acid. The solid reagent should 
ch can be heated. The acid is kept in 
pening of the flask. By adding 
heating, sulphur dioxide gas is 
dcan be washed inconcentrated 
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SO, per ml) and is approximately 18 molar. The reagent must be 
nae Pat ai ae wearing rubber gloves and eye protection. When 
diluting, concentrated sulphuric acid must be poured slowly into water (and 
never vice versa), while stirring and, if necessary, cooling. Traces of the reagent 
have to be removed immediately from the skin or from clothing by washing with 
large amounts of water. f 

Sulphuric acid (3:2, approx. 12m). To 40 ml water add cautiously 60 ml con- 
centrated sulphuric acid, stirring constantly. If the mixture becomes hot, 
set aside for a while to cool, and then continue mixing. 

Sulphuric acid (8m). To 500 ml water add slowly, stirring constantly, 445 ml 
concentrated sulphuric acid. (If the mixture becomes too hot, wait for 5 minutes 
before resuming the dilution.) Finally, when the mixture is cool again, dilute with 
water to | litre. 

Sulphuric acid (3m). To 50 ml water add, stirring constantly, 16:6 ml 


concentrated sulphuric acid, with greatest caution. When cool, dilute the 
solution to 100 ml. 


Sulphuric acid, (M). Pour 55:4 ml concentr: 
800 ml cold water, stirring vigorous! 
during this operation. Finally, 
l litre. 

Tannic acid (5%). 
filter the solution. 


Tartaric acid (m).* Dissolve 15 g tartaric acid, C,H,O,, in water and dilute to 
100 ml. The solution does not keep for very long (max. 1-2 months). 


Tartaric acid (0-1M).* Dissolve 15 g tartaric acid, C,H,O,, in water and 
dilute to 1 litre, 


Tartaric acid~ammonium molybdate reagent.** Dissolve 15 g tartaric acid, 
C,H,Og, in 100 ml 0:25m ammonium molybdate reagent. e 

Tetrabase (1 %).* Dissolve 0-1 g tetrabase (4,4’-tetramethyldiamino-diphenyl- 
methane) [(CH,),NC,H,], in 10 ml chloroform. 

Tetrahydroxysylvan. See 2-Methyltetrahydroxyfuran. 

Tetramethyldiamino-diphenylmethane (0:5%).** Dissolve 05g tetrabase 


(4,4’-tetramethyldiaminodipheny! methane), [(CH3),N.C,H,],CH), in a 
mixture of 20 ml glacial acetic acid and 80 ml 96% ethanol. 

Thallium(IM) chloride (0:2M). Dissolve 45-7 g thallium(III) oxide, T1,03, in 
50 ml of 1 il hydrochloric acid. Evaporate the solution to dryness and dissolve 
the residue in water. Dil 


ute the solution to 1 litre. 
Thallium(]) nitrate (0-0 3:32 B t 


5M). Dissolve 13: i i i 
swatenihad diluteton tase ) solve 13:32 g thallium(I) nitrate, TINOs, in 


ated sulphuric acid slowly into 
y. Wear protective glasses and rubber gloves 
dilute the cold solution with water to 1 litre. 


* Dissolve 5 g tannic acid, C76H52046, in 100 ml water and 


Thallium(1) sulphate (0:025m). Dissolve 12:62 g thalli 
in water and dilute to 1 litre, By i e a phate, TSOR 
Thiourea (5% in 5m hydrochloric acid).* To 50 ml w. 

7 i £ at - 
trated hydrochloric acid. Allow to cool. Dissolve in this RRE i AA 
CS(NH,),, and dilute the solution with water to 100 ml ey x 

Thorium nitrate (0-1M). Dissoly 
Th(NO;),.6H,0, in a mixture of 500 
acid, and dilute the solution to 1 litre, 

Tin@il) chloride (saturated).* Shake 2-5 g tin(II) chlori i 
SnCl,.2H,0, in 5 ml concentrated hydrochloric acid. Allen ET 
and use the clear solution for the tests. 
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Tin(II) chloride (0:25M).* Dissolve 56:5 g tin(II) chloride dihydrate, 
SnCl,.2H,0, in a cold mixture of 100 ml concentrated hydrochloric acid and 
80 mi water, then dilute with water to 1 litre. To prevent oxidation keep a small 
piece of granulated tin metal at the bottom of the solution. 

Tin(LV) chloride reagent** (for removal of phosphate). Dissolve 5 g tin(IV) 
chloride, SnCl,, in 5 ml water. Prepare the reagent freshly. 

Titanium(IV) chloride ( 10%). To 90 ml of 1:1 hydrochloric acid add 10 ml 
liquid titanium tetrachloride, TiCl,, and mix. 

Titanium(III) sulphate (15%).** The commercial titanium(III) sulphate 
solution contains about 15 per cent Ti,(SO,)3 and also free sulphuric acid. It 
has a violet colour. On standing it is slowly oxidized to colourless titanium(1V) 
sulphate. 

Titanium(1I¥V) sulphate (0:2). Dilute 33 ml 15% (w/v) commercial titanium(IV) 
sulphate solution with M sulphuric acid to 100 ml. 

Titan yellow (0-1 %). Dissolve 0-1 g Titan yellow (Clayton yellow, Colour 
Index 19540) in 100 ml water. 

Triethanolamine N(CH,.CH,-OH);. The commercial liquid is a viscous, 
dense liquid with a density of 1:12 g cm~’. 

Uranyl acetate (0'Im). Dissolve 42:4g uranyl acetate dihydrate, 
UO,(CH,C0O0),.2H,0, in a mixture of 200 ml water and 30 ml concentrated 
acetic acid. After dissolution dilute the solution with water to 1 litre. 

Urany! magnesium acetate reagent.* Dissolve 10 g uranyl acetate dihydrate, 
UO,(CH3COO),.2H20, in a mixture of 6ml glacial acetic acid and 
100 ml water (solution a). Dissolve 33g magnesium acetate tetrahydrate, 
Mg(CH,COO),.4H20, in a mixture of 100 ml glacial acetic acid and 100 ml 
water (solution b). Mix the two solutions, allow to stand for 24 hours, and filter. 

Urany! nitrate (0-1). Dissolve 50:2 g uranyl nitrate hexahydrate, 


UO _6H,0, in water and dilute to 1 litre. 
Aa: Dissolve 10g uranyl acetate dihydrate, 


Uranyl zinc acetate reagent.* acetat 
.2H,0, in a mixture of 5 ml glacial acetic acid and 20 ml 
ae ape . Dissolve 30 g zinc acetate 


wa ilute the solution to 50 ml (solution a) € inc a 
eae O, in a mixture of 5 ml glacial acetic acid and 


dihydrate, Zn(CH3COO) .2H, Í i 

20 A Raia a dilute with water to 50 ml (solution b). Mix the solutions, add 

05g sodium chloride, NaCl, allow to stand for 24 hours and filter. EA 
Violuric acid (0-1m).* Dissolve 1°6 g violuric acid (5-iso-nitroso-barbituric 
i H,0,N3, in 100 ml of water. $ 

eo EC %), Dissolve 1 g zinc acetate dihydrate, Zn(CH;COO),.2H 20, 

i i 00 ml. 

S akka paren To 25 ml 0:5M zinc nitrate add 12:5 ml of a 

potadeilina hydroxide. Filter, wash the precipitate with water, ce ante x E 

precipitate off the filter with 15 ml 1:1 ammonia. Pour the liquid on the filte: 

imes, until complete dissolution. | 
ee saat (0°5M). Dissolve 149 g zinc nitrate hexahydrate, Zn(NO3)3-.6H20, 


in water and dilute to | litre. Rome ah a 
i trate with water to > mi. 
_ Dilute 1 ml 0 5m zinc ni S0. TO; 


inc ni 01M i 

Fiat ee Beer Dissolve 72 g zinc sulphate heptahydrate, Zn 
in water and dilute to 1 litre. 

Zirconium nitrate reagent (for p 


i i i .2H,0, and 
zirconium nitrate, Zc0.(NO3)2- 20, et ideia 


stirring constantly. Allo 
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hosphate separations). Heat 10 g commercial 
100 ml 2M nitric acid to boiling 
r 24 hours. Decant the 
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iquid and use this for the tests. 

oe chloride (0-1m). Dissolve 32:2 g zirconyl chloride octahydrate, 
ZrOC]l,.8H,O, in 100 ml 2m hydrochloric acid and dilute with water to'l litre. 

Zirconyl chloride (0-1 %). Dissolve 0-1 g zirconyl chloride octahydrate, 
ZrOC1,.8H,0, in 20 ml concentrated hydrochloric acid and dilute with water 
to 100 ml. 

Zirconyl nitrate (0:11M). Dissolve 262g zirconyl nitrate dihydrate, 
ZrO(NO3), .2H,0, in 100 ml 2m nitric acid and dilute with water to 1 litre. 


SOLID REAGENTS 

Aluminium powder, Al 

Aluminium sheet, Al 

p-Amino-N’N-dimethyl aniline, HJN.C,H,.N(CH 3)2 

Ammonium acetate, CH,;COONH, 

Ammonium carbonate, (NH,),CO, 

Ammonium chloride, NH,Cl 

Ammonium fluoride, NH,F 

Ammonium nitrate, NH,NO; 

Ammonium peroxodisulphate, (NH,).S,O, 

Ammonium sodium hydrogen phosphate (microcosmic salt), 
NH,NaHPO,.4H,O 

Ammonium thiocyanate, NH,SCN 

Arsenic(III) oxide, As,O, (POISON) 

Benzoic acid, C;H, COOH 

Cadmium metal, Cd (granulated) 

Calcium carbonate, CaCO, 

Calcium chloride anhydrous, CaCl, 

Calcium fluoride, CaF, 

Calcium hydroxide, Ca(OH), 

Chromotropic acid (sodium salt), C,p9H,O,S,Na, 


Cobalt(II) acetate, Co(CH3COO),.4H,O 
Copper foil, Cu 


Copper sheet or coin, Cu 

Copper turnings, Cu 

Devarda’s alloy (50% Cu, 45% Al, 5% Zn) 

Dimethyl glyoxime, CH;C(NOH)C(NOH).CH, 

Diphenylamine, (C,H;),NH 

Disodium hydrogen phosphate, Na,HPO,.2H,O 

Hydrazine sulphate, (NH a)-H,SO, 

Hydroquinone (quinol), C.H,(OH), 

Hydroxylamine hydrochloride (hydroxylammonium chloride), HO.NH,.Cl 
Iron (filings and nails), Fe opps” 
Iron wire, Fe 

Iron(II) ammonium sulphate, FeSO, .(NH,).SO,.6H,O 

Iron(II) sulphate, FeSO,.7H,O 

Lead acetate, (CH,;COO),Pb.3H,O0 

Lead dioxide, PbO, 

Litmus (test) paper 
Magnesium metal (powder), Mg 
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Magnesium metal (turnings), Mg 

Manganese dioxide, MnO; 

Mannitol, C,H, 40¢ 

Mercury metal, Hg 

Mercury(II) oxide, HgO (red) 

Microcosmic salt (see ammonium sodium hydrogen phosphate) 

Oxalic acid, (COOH),.2H,0 

Paraffin wax 

Phenol, C;H;OH 

Platinum sheet or foil, Pt 

Potassium benzoate, C,H; COOK 

Potassium bromate, KBrO, 

Potassium bromide, KBr 

Potassium chlorate, KCIO; 

Potassium chromate, K CrO, 

Potassium cyanide, KCN (POISON) 

Potassium dichromate, K,Cr,0, 

Potassium fluoride, KF 

Potassium hydrogen sulphate, KHSO, 

Potassium hydrogen tartrate, KHC,H406 

Potassium iodide, KI 

Potassium nitrate, KNO, 

Potassium nitrite, KNO, 

Potassium periodate, KIO, 

Potassium permanganate, KMnO, 

Potassium peroxodisulphate, K -S208 

Potassium xanthate (ethyl potassium xant 

Resorcinol, m-CsH,4(OH)2 

Salicylic acid, C,H4(OH)COOH 

Silica (precipitated), SiO, 

Silver sheet or coin, Ag 

Silver suiphate, Ag,SO4 

Soda lime 

Sodium acetate, CH,COONa.3H,0 

Sodium bismuthate, NaBiO; 

Sodium carbonate (anhydrous), Na,CO; 

Sodium enloride Ne i oO 
jum citrate, Na3C6**sV7-*" 2 

Sian dihydroxytartrate osazone (NaO.CO.C:N.NH.CeHs)2 

Sodium dithionite, Na,$,04.2H20 

Sodium fluoride, NaF 


Sodium formate, HEO S en 
Sodium hexafluorosilicate, ~az iF 6 

Sodium hexanitritocobaltate(III), Na3[Co(NO>)e] 
Sodium hydrogen carbonate, NaHCO; 

Sodium hypophosphite. NaH,PO, 

Sodium nitrite, NaNO2 

Sodium nitroprusside, Na,[Fe(CN)NO] AH 20 
Sodium oxalate (Sörensen’s salt), (COONa)2 
Sodium perborate, NaBO;-4H20 


hate, C,H;O(CS)SK) 
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iquid and use this for the tests. 

oes chloride (0-1m). Dissolve 32-2 g zirconyl chloride octahydrate, 
ZrOC1,.8H,0, in 100 ml 2m hydrochloric acid and dilute with water to’l litre. 

Zirconyl chloride (0-1%). Dissolve 0-1 g zirconyl chloride octahydrate, 
ZrOC1, .8H,0, in 20 ml concentrated hydrochloric acid and dilute with water 
to 100 ml. 

Zirconyl nitrate (0:1lM). Dissolve 262g zirconyl nitrate dihydrate, 
ZrO(NO3)2.2H,0, in 100 ml 2M nitric acid and dilute with water to 1 litre. 


SOLID REAGENTS 

Aluminium powder, Al 

Aluminium sheet, Al 

p-Amino-N’N-dimethy] aniline, H 2N.C,H,.N(CH;), 
Ammonium acetate, CH 3COONH, 

Ammonium carbonate, (NH,),CO, 

Ammonium chloride, NH,Cl 

Ammonium fluoride, NH,F 

Ammonium nitrate, NH,NO, 

Ammonium peroxodisulphate, (NH,),S,0, 
Ammonium sodium hydrogen phosphate (microcosmic salt), 
NH,NaHPO,.4H,O 
Ammonium thiocyanate, NH,SCN 

Arsenic(III) oxide, As,0; (POISON) 

Benzoic acid, C;H,COOH 

Cadmium metal, Cd (granulated) 

Calcium carbonate, CaCO, 

Calcium chloride anhydrous, CaCl, 

Calcium fluoride, CaF, 

Calcium hydroxide, Ca(OH), 

Chromotropic acid (sodium salt), C, oH6OgS,Na, 
Cobalt(II) acetate, Co(CH3;COO),.4H,0 

Copper foil, Cu 


Copper sheet or coin, Cu 
Copper turnings, Cu 
Devarda’s alloy (50% Cu, 45 % Al, 5% Zn) 
Dimethyl glyoxime, CH,C(NOH)C(NOH).CH 
Diphenylamine, (C6H4), NH 3 
Disodium hydrogen phosphate, Na,HPO,.2H,O 
Hydrazine sulphate, (N,H )-H,SO, 
Hydroquinone Cinol; C.H,(OH), 
Hydroxylamine hydrochloride (hydrox lammoni : 
iton (filings and nails), Fe 4 3 ntum chloride), HO.NH3.Cl 
Iron wire, Fe 
Iron(II) ammonium sulphate, FeSO, .(NH,),S0,.6H,O 
Iron(II) sulphate, FeSO,.7H,O 
Lead acetate, (CH,COO),Pb.3H,O 
Lead dioxide, PbO, 
Litmus (test) paper 
Magnesium metal (powder), Mg 
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Magnesium metal (turnings), Mg 

Manganese dioxide, MnO, 

Mannitol, CH, 40.6 

Mercury metal, Hg 

Mercury(II) oxide, HgO (red) 

Microcosmic salt (see ammonium sodium hydrogen phosphate) 
Oxalic acid, (COOH), .2H,0 

Paraffin wax 

Phenol, CeH;OH 

Platinum sheet or foil, Pt 

Potassium benzoate, CjH;COOK 

Potassium bromate, KBrO, 

Potassium bromide, KBr 

Potassium chlorate, KCIO3 

Potassium chromate, K,CrO4 

Potassium cyanide, KCN (POISON) 

Potassium dichromate, K,Cr,0, 

Potassium fluoride, KF 

Potassium hydrogen sulphate, KHSO, 

Potassium hydrogen tartrate, KHC,4H40¢ 

Potassium iodide, KI 

Potassium nitrate, KNO, 

Potassium nitrite, KNO2 

Potassium periodate, KIO, 

Potassium permanganate, KMnO, 

Potassium peroxodisulphate, K -S208 

Potassium xanthate (ethyl potassium xanthate, C,H,O(CS)SK) 
Resorcinol, m-C,H,(OH)2 

Salicylic acid, C,H4(OH)COOH 

Silica (precipitated), SiO, 

Silver sheet or coin, Ag 

Silver suiphate, Ag2SO. 

Soda lime 
Sodium acetate, CH,COONa.3H,0 
Sodium bismuthate, NaBiO; 

Sodium carbonate (anhydrous), Na,CO; 
Sodium chloride, NaCl 
Sodium citrate, Na;CsHsO7 .2H,0 
Sodium dihydroxytartrate osazone (Nal 
Sodium dithionite, Na,S,0,4.2H20 
Sodium fluoride, NaF 

Sodium formate, HCOONa i 
Sodium hexafluorosilicate, Na,[SiF6] 
Sodium hexanitritocobaltate(III), Na3[Co(NO2)o] 


Sodium hydrogen carbonate, NaHCO; 
oa apt NaH,PO, 


Sodium nypophospitt 
Sodium nitrite, NaNV2 

Sodium nitroprusside, Na,[Fe(CN)sNO].2H 30 
Sodium oxalate (Sdrensen’s salt), (COONa)2 
Sodium perborate, NaBO3.4H 20 


0.CO.C:N.NH.C6Hs)2 
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Sodium perchlorate, NaClO,+H,0, (the commercial solid product contains 
about 75 per cent of NaClO,) 

Sodium peroxide, Na,O, 

Sodium phosphite, Na,HPO;.5H,0 

Sodium potassium tartrate, COOK.CHOH.CHOH.COONa, (Rochelle salt 
or Seignette salt). 

Sodium salicylate, C;H,(OH)COONa 

Sodium succinate, (CH,COONa),.6H,O 

Sodium sulphate (anhydrous), Na,SO, 

Sodium sulphite (anhydrous), Na,SO, 


Sodium tetraborate (Borax), Na}B40; . 10H20. The anhydrous (fused) sodium 


tetraborate, Na,B,0,, is even more suitable for the borax bead tests 
Sodium thiosulphate, Na,S,03.5H,O 


Starch (potato-starch or soluble starch) 
Sulphamic acid, H,N.SO,H 
Sulphur, S, sublimed (‘flowers of sulphur’) 


Tartaric acid, C,H,O,[HOOC.CH(OH).CH(OH).COOH] 
Thiourea, (NH,).CS 


Tin, granulated, Sn 

Turmeric (test) paper 

Uranyl acetate, UO,.(CH,;COO),.2H,O 
Uranyl nitrate, UO,(NO3),.6H,O 

Urea, H,N.CO.NH, 

Zinc, granulated, Zn 

Zinc powder, Zn 
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Abbreviations: 

D: detection of 

I: identification of 
ip: in the presence of 
MS: on micro scale 


acetate ion 

D, ip organic acids, 244 

R, 210 
aluminium(IID) ion R, 108 
ammonium ion 

D, 230 

R, 145 
anion(s) 

classification of, 149 

special tests for, 238 
anti-bumping device, 19 
antimonate see antimony(V) 
antimonite see antimony(III) 
antimony, special tests for, 95 ` 
antimony(III) ion R, 91 
antimony(V) ion R, 94 
apparatus 

cleaning of, 19, 34 

laboratory, 19 

MS, 37 

SM, 20 T, 36 
arsenate ion 

D, ip arsenite and phosphate, 241 

R, 85 
arsenic; special tests for, 87 
arsenic(III) ion R, 84 
arsenic(V) see arsenate 
arsenite ion see also arsenic(III) 


D, ip arsenate and phosphate, 241 


barium(II) ion R, 132 
beaker, 13 
Nzoate ion 
D ip organic acids, 244 
R, 221 


R: reactions of 

S: separation of 

SM: on semimicro scale 
T: tabulation or table of 


beryllium(II) ion R, 266 
bismuth(III) ion R, 74 
blowpipe test, 3 
borate ion 

D ip Ba and Cu, 242 

R, 190 
borax bead test, 9, 281 

ip less common ions, 281 
bromate ion R, 187 
bromide ion 

D ip chloride and iodide, 240 

R, 176 
Buchner-funnel, 18 
Bunsen flame, 5 


cadmium(II) ion R, 81 
calcium(II) ion R, 136 
capillary dropper SM, 22 
carbonate ion 
D ip sulphite, 238 
R, 150 
catalytic test, 80, 161, 169 
cation(s) 
classification of, 54 
Group I, 56 
S and I, 232 
S ip Tl and W, 249 
Group II, 70 
S into Groups IIA and IIB, 232 
Sip Au, Mo, Pd, Pt, Se and Te, 261 
Group IIA S and I, 233 
Group IIB S and I, 234 
Group II, 99 
removal of 
S into Groups 


phosphate before S, 234 
IIIA and IIIB, 235 
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Group IIIA 
S and I, 235 
S ip Ce, Th, Ti, U, V, Zr, 278 
Group IIIB 
S and I, 236 
S of Tl from, 279 
Group IV, 131 
S and I, 236 
Group V, 138 
I, 237 
single, testing for, 227 
centrifugate, transferring of MS, 39 
centrifuge, 24 
tube MS, 38, 41 
SM, 20 
cerium(III) ion R, 275 
cerium(IV) ion R, 276 
charcoal block, tests on, 3 
chlorate ion 
D ip chloride and perchlorate, 240 
R, 185 
chloride ion 
D ip bromide, 239 
D ip bromide and/or iodide, 239 
D ip chlorate and perchlorate, 240 
D ip cyanide, 244 
D ip iodide, 240 
R, 174 
chromate ion, 116 
R, 205 
chromium(III) ion R, 113 
citrate ion 
D ip organic acids, 244 
R, 218 
cleaning see apparatus, cleaning of 
cobalt glass, 6 
cobalt(II) ion R, 117 
concentration limit, 44 
conical flask, 13 
copper(II) ion R, 77 
cyanate ion, R, | 
cyanide ion 
D ip chloride, 244 
R, 164 


decantation, 16 
Devarda’s alloy, 183 
dichromate see chromate 
digestion MS, 45 
direct vision spectroscope, 8 
distillation MS, 52 
dithionite ion R, 225 
dropper SM, 22 
atop teaetion paper, 34, 47 
dry test, 3 
Emich filter stick, 50 
Erlenmyer flask, 13 
evaporation 19, SM, 30 


ferric see iron(III) 


AN 


ferricyanide see hexacyanoferrate(III) 
ferrocyanide see hexacyanoferrate(I1) 
ferrous see iron(II) 
filter paper 
for spot test, 47 
impregnation of, 48 
filter pipette MS, 49 
filter stick MS, 50 
filtration 
aids to, 17 
macro scale, 16 
flame spectra, 7, 11 
flame tests, 4 
T, 6 
Fleitmann’s test 
for As, 90 
for Sb, 96 
„fluoride ion 
D ip hexafluorosilicate and sulphate, 243 
R, 180 
formate ion 
D ip organic acids, 244 
R, 212 
funnel 
Buchner, 18 
Jena, 18 
sintered glass, 18 
fusion MS, 51 


gamma, 43 
gas(es) 
checklist of, 283 
IMS, 42 
I SM, 32 
gas reactions MS, 51 
gold(III) ion R, 252 
Gutzeit’s test 
for As, 89 
for Sb, 95 


heating 

in steam, MS, 51 

MS, 40 

SM, 28 

test, 3 
hexachloroplatinate(IV) ion R, 254 
hexacyanoferrate(1I) ion 

D ip hexacyanoferrate(III) and thiocyanate, 


R, 169 
hexacyanoferrate(III) ion 
D ip hexacyanoferrate(II) and thiocyanate, 
244 
R, 171 
hexafluorosilicate ion | 
D ip fluoride and sulphate, 243 
R, 198 
hydrogen carbonate ion R, 152 
hydrogen peroxide, R, 223 
hydrogen sulphide 
generation of, 14 


passage of MS, 42 

precipitation with, 14, SM, 31 
hypochlorite ion R, 172 
hypophosphite ion R, 204 


impregnated reagent paper, 47 
induced reactions, 75 
iodate ion 
D ip iodide, 240 
R, 188 
iodide ion 
D ip bromide and chloride, 240 
D ip iodate, 240 
R, 178 
iron(II) ion R, 100 
iron(II) ion R, 193 


Jena slit sieve funnel, 18 


lead(II) iron R, 57 
less common ions R, 246 
limit of identification, 43 
lithium(]) ion 

R, 279 

S from alkali metals, 281 


macro 

scale, 2 

apparatus, 13 
magnesium(II) ion R, 139 
manganese(II) ion R, 124 
Marsh’s test 

for As, 87 

for Sb, 95 
Medicine dropper, 22 
mercury(I) ion R, 62 
mercury(II) ion R, 71 
metaborate see borate 
metaphosphate ion R, 202 
metavanadate see vanadate 
micro 

apparatus, 37 

centrifuge tube, 38 

operations, 37 

scale, 2 
microcosmic salt bead test, 12 
molybdate ion R, 250 
molybdenum see molybdate 


Nessler’s reagent, 146 
Nickel(II) ion R, 120 
Nitrate ion 
D ip bromide and iodide, 238 
D ip chlorate, 239 
D ip nitrite, 238 
_R, 182 
Nitrite ion R, 161 


Organic acids, S, 244 
Orthoborate see borate . 
orthophosphate see also phosphate ion R, 199 


oxalate ion 
D ip organic acids, 244 
D ip fluoride, 244 
R, 213 
oxidizing flame, 3 
oxoanions of Gfoup III metals, 116 


palladium(II) ion R, 256 
perchlorate ion 

D ip chloride and chlorate, 240 

R, 189 
permanganate ion, 116 

R, 208 
peroxodisulphate ion R, 195 
persulphate see peroxodisulphate 
phosphate bead see microcosmic salt bead 
phosphate ion see also orthophosphate 

D ip arsenate, 241 

D ip arsenate and arsenite, 241 

R, 199 

removal of at separation, 234 
phosphite ion R, 203 
platinum(IV) ion see hexachloroplatinate(IV) 
platinum wire loop MS, 44 
potassium(I) ion R, 142 
precipitate 

dissolving of SM, 31 

drying of, 19 

removal of, 16 

transfer of MS, 40, SM, 27 

washing of MS, 40, SM, 27 
precipitation 

MS, 38 

with hydrogen sulphide MS, 14 
pyroborate see borate 
pyrochromate see chromate 
pyrophosphate ion R, 202 


reagent(s) 
bottle SM, 22 
dropper SM, 22 
gases, preparation of, 283 
paper, 47 
solid, checklist of, 304 
solutions 
checklist of, 283 
preparation of, 283 
for semimicro work, 23 
reducing flame, 3 
Rinmann’s green test, 129 


salicylate ion 


D ip organic acids, 244 
R, 219 
selenate ion R, 259 
selenite iron R, 257 , 
selenite 


selenium see selenate, 
semimicro 
apparatus, 20 
checklist, 35 
boiling tube, 21 
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centrifuge tube, 21 
operations, 20 
reagents, 23 
scale, 2 
test tube, 20 
work, practical hints for, 34 
sensitivity, 43 
separation 
of cations see cation(s) 
of liquid and solid phases, MS, 49 
silicate ion R, 196 
silicofluoride see hexafluorosilicate 
silver(I) ion R, 66 
sintered glass funnel, 18 
soda extract, 238 
sodium carbonate bead, 12 
sodium(I) ion R, 144 
solid reagents see under Teagent(s) 
spectrum, flame, 8 
spectroscope, 7 
spot plate, 34, 46 
spot tests, 43 
stannate see tin(IV) 
stannite see tin(II) 
stirring rod, 13 
SM, 21 
strontium(I1) ion R, 134 
succinate ion 
D ip organic acids, 244 
R, 222 
sulphate ion 
D ip fluoride and hexafluorosilicate, 243 


D ip sulphide, sulphite and thiosulphate, 242 


R, 193 
sulphide ion 


D ip sulphate, sulphite and thiosulphate, 242 


D ip sulphite and thiosulphate, 242 
R, 159 
sulphite iron 
D ip sulphate, sulphide and thiosulphate, 
242 
D ip sulphide and thiosulphate, 242 
R, 153 


tartrate ion : 
D ip organic acids, 244 
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R, 215 
tellurate ion R, 260 
tellurite ion R, 259 
tellurium see tellurate, tellurite 
test tube, 13 
SM, 20 
tetraborate see borate 
tetrachloroaurate(III) see gold(III) 
thallium(I) ion 
R, 246 
S from Group IIIB cations, 279 
thallium(III) ion R, 247 
Thenard’s blue test, 112 
thiocyanate ion 
Dip hexacyanoferrate(I1) and hexacyano- 
ferrate(III), 244 
R, 167 
thiosulphate ion 
D ip sulphate, sulphide and sulphite, 242 
D ip sulphide and sulphite, 242 
R, 156 
thorium(IV) ion R, 274 
tin(II) ion R, 96 
tin(IV) ion R, 98 
titanium(IV) ion R, 268 
titanyl see titanium(IV) 
T. K. dropper, 23 
transfer capillary pipette, 38 
tungstate ion R, 248 
tungsten see tungstate 


uranium see uranyl 
uranyl(VI) ion R, 273 


vanadate(metavanadate) ion R, 264 


wash bottle, 13 
SM, 27 
Wet reactions, 13 
working hints. 20 
M, 34 


zinc(II) ion R, 127 
Zirconium(IV) ion R, 270 
Zirconyl see zircinium(IV) 


This sixth edition of Vogel’s well-known text on qualitative inorganic 
analysis has been revised and updated. At the same time this revised 
edition has also been rendered more concise. 


The book begins with a description of laboratory equipment and 
Operations in macro, semi-micro and micro scales. The backbone of the 
work consists of the reactions of Cations, anions and of some less 
common ions, with details of Procedure, explanations and notes on 
selectivity and sensitivity. Testing for a single cation is followed by a 
shorter treatment of separation and identification of mixtures, and 
numerous examples are given for the detection of anions in the presence 
of one another. An appendix lists the reagents in alphabetical order, 


with instructions on Preparation and storage, and notes on their 
Stability. 


Although intended primarily as an aid to studying analytical chemistry, 
the book will continue to be of immense value to the inorganic chemist, 
who can acquire from it vital knowledge of materials and their chemical 
behaviour. Postgraduate and undergraduate students and their teachers, 
as well as the practising chemist, will also benefit from using this unique 
book in their work. 


Gyula Svehla is a Reader in Analytical Chemistry at the Queen's 
University, Belfast, and has published over 100 research Papers, mainly 
in the field of kinetic and electrochemical methods of analysis. 
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